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INTRODUCTION

The BIOS (Biological Impact of an Oil Spill) ecosystem simulation model
has been documented in several recent publications (Swan 1984, Gallagher 1984,
Gallagher and Pola 1984, Pola et al. 1985). The model was developed at the request
of the Outer Continental Shelf Environment Assessment Program (OCSEAP) as part
of their eastern Bering Sea environmental impact study. Two hypothetical oil
spill scenarios (well blowout and tanker diesel spill) were simulated at each
of three locations in the eastern Bering Sea: Offshore of Port Moller, Port
Heiden and Cape Newenham.

During the course of the study, the BIOS model was modified to address
particular questions. For example, species-specific uptake and deputation rates
and their relative sensitivities were determined using a version of the model
with no spatial resolution (Gallagher and Pola 1984), while the spatial and
temporal extents of “tainting” of fish were examined using a gridded version of
the model with fewer species, but including fish migrations (Pola et al. 1985).

This document describes the BIOS model concept and presents three versions
of the model developed for particular applications. It is intended to be used
by the prospective modeller as a general guide for application of a B]OS-type
model to any location. In addition, it serves a library maintenance function
by presenting the present physical locations (tape, disk, etc.) and file names

of model computer source code, input data and output programs.

BIOS MODEL
Conceptualization
Effective computer simulation of the impact of an oil spill on an ecosystem
is dependent upon the accuracy of field and empirical data. Ecosystem interactions

are complex and poorly understood; the added stress imposed on the ecosystem by
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an oil spi 11 further complicates the situation. The eastern Bering Sea ecosystem
has been effectively simulated by such models as PROBUB (Prognostic Bulk Biomass
Model) and DYNUMES ( Dynam cal Nunerics”1 Marine Ecosystem Simulation], both

devel oped by Dr. Taivo Laevastu of the Northwest and Alaska Fisheries Center
(NWAFC; Laevastu et al. 1982, Laevastu and Larkins 1981). General ecosystem
simulation concepts used in these models were adapted to the BIOS model.
Available information on oil toxicity and the effects of pollution on fish were
then incorporated into the BIOS model.

Many of the processes included in DYNUMES and PROBUB were not applicable to
the simulation of the oil-spill scenarios. For example, the simulation of
growth was unnecessary, due to the short time step (daily) and duration of the
BIOS model run (<50 days). The DYNUMES species composition was adjusted to
include only those species known to occupy the Bristol Bay region in summer.
However, several species groups were divided into juvenile and adult stages,
to allow for differences in susceptibility to oil toxins. The effect of oil
on the biota was modeled as a single-compartment uptake-depuration process.

No attempt was made to partition the effect of oil among various compartments

(gut, liver, etc.) due to insufficient quantitative data on oil uptake processes.

As a general rule, the BIOS model was kept as simple and generic as possible,

to avoid unnecessary assumptions.

Simulation

Gridded daily subsurface oil concentrations for each scenario and location
were provided by Rand Corporation. Sedimentation of the oil was simulated
with a model developed by Laevastu and Fukuhara (198s). The subsurface oil
concentrations (oil dissolved or in suspension in the water column, referred

to as WSF) and the sedimented oil concentrations (oil in or uPon the sediments,
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migration velocity components, and G < and G,are contamination gradients:

G.= [c(t), oty c(®, ,,;I (7)
G,= [C(t). , - CCO), ] ®)
The subscripts i and j are defi’’ned as:
1, V<0
i = o , V=o
-1, V>0
-1, U<@0
j = 0 ,U=o0
1, U>20

such that the gradients GX and Gy are taken in the “upstream” direction. The

contamination is then redistributed over the grid:

C(t+])n,m = C(1),- Rx.n,m,' Ry,n,m 9)
a:(1;+1)n ] = C(t)”,m+j + RX,n,m (lo)
C(t+])n+i,m = C(t)n+,m’+ Ry,n,m (1)

The m gration time step, t, is restricted by the stability criterion:

t Ux| < L (12)

where U*isthe maximum migration speed in km/day. That is, for a migrat on

speed of 15 km/day and grid spacing of 2 km, t < .13 days.

COMPUTER PROGRAMS AND DATA FILES
File Names and Locations
Computer FORTRAN source codes for all three model versions resideon disk and

tape files on the Northwest and Alaska Fisheries Center (NWAFC) Burroughs B7800
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compute r. All BIOS files are stored under user code REFM0O250. Disk files are

located on the TYVO pack and tape files are

located on tape number 4857. The

following are the program and data file names:

Program Files

PROG/B10S/NOGRID

PROG/B10S/GRID

PROG/BI10S/MIGR

SUBROUTINE /PLOTR

Input Data Files

OCSEAP/0ILCON/LOCI
OCSEAP/OILCON/LOC2
OCSEAP/0ILCON/LOC3
OCSEAP/01LCON/BLOW/LOCI
OCSEAP/01LCON/BLOW/LOC2

OCSEAP/O!LCON/BLOW/LOC3

Program Listings

:Nongridded version of the BIOS model used to

estimate model parameters.

:Gridded version of the model; uses subsurface

oil concentrations (WSF) as input.

:Gridded version of the model with fish

migrations and only two fish species.
:Generalized subroutine to draw line plots of

up to four variables.

:Gridded WSF for accident scenario, Port Moller.
:Gridded WSF for accident scenario, Port Heiden.
:Gridded WSF for accident scenario, Cape Newenham.
:Gridded WSF for blowout scenario, Port Moller.
:Gridded WSF for blowout scenario, Port Heiden.

:Gridded WSF for blowout scenario, Cape Newenham.

Annotated FORTRAN source codes for the three BIOS model versions and for

the plotting subroutine are listed

in the following pages. An example of a

plot generated by the plotting subroutine is given in Figure 1.
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referred to as TARS) were used as input to the BIOS model. Model calculations
were performed with a dai y time step at each grid point. A 32 x 34 grid was
used at each location for the accident scenario and a 50 x 50 grid was used for
the blowout scenario; in each case, 2 km grid spacings were used.

Wind and water temperatures used by Rand Corp. in the calculations of the
oil trajectories Wwere chosenso as to maximize the oil concentrations in the
water. The selected conditions corresponded to those typical of August. The
fish species which would be expected in August at each location were then
determined (Fukuhara (1985), and Tfish biomasses over each grid were estimated
(Gallagher and Pola 1984). Biomass was assumed to be equally distributed over
all grid points, due to insufficient spatial resolution of the data (Pola
et al. 1985), and was kept constant over the short duration (50 days) of
the simulations

Fish contamination was simulated by a single-compartment uptake-depuration
model (Wilson 1975) . The species-specific uptake and deputation rates were
determined from field and empirical studies (Gallagher and Pola 1984) and
were Kkept constant for each species group throughout each simulation.
Contamination was computed in parts per million {ppm; mg hydrocarbons per kg
biomass). Contamination of 5 ppm was taken as the threshold level for
“tainting” (detectable aroma or taste of petroleum] of fish, based on available
empirical data (Po]aﬂa_l- 1985). In a recent study, Teal (1977) found that
uptake of contaminants from the water column (through respiration or swallowing)
was approximately equal to uptake of contaminants from feeding. In the absence
of studies to the contrary, this result was incorporated into BIOS; that is,
uptake through feeding was computed and the resulting contamination was
multiplied by two. It was assumed that adequate food was available for all

model led fish species, therefore starvation was not included in BIOS. The
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fraction of pelagic or demersal food in each species’ diet was estimated;
contamination of the food was assumed to be directly proportional to the
concentration of the napthalene fraction of the WSF (for pelagic food) or
the TARS (for demersal food).

Three versions of the BIOS model were eventually developed. The first,
BIQOS/NOGRID, was used to determine species-specific uptake and deputation
rates and their sensitivities. It contains no spatial resolution and the
external oil concentration is preset as a constant, or as a linear or
exponential function of time. Sixteen species groups (Tablel) were used in
BIOS/NOGRID, as well as in the second version of the model, BIOS/GRID. This
second version includes spatial resolution and uses the gridded WSF val ues
provided by Rand Corp. and TARS concentrations computed by the Laevastu and
Fukuhara (]985) model. The final model version, BIOS/MIGR, includes fish
migrations. A larger computational grid (e.g., 64 X 68 for the accident
scenario) is used in this version; however, only two fish species groups are

included. Migration speeds and directions are input to BI0S/MIGR.

Computation
The amount of contamination in a fish species (C) at any time step (td)

is computed in all versions of BIOS as:

klco(td) (l—exp(-kz)) + Cf(td-l)exp(-kz)
k,

o~

Cf(td) =

where C0 is the external oil concentration, klis the uptake rate, and Kk 5 is
the deputation rate. Equation 1 is a finite-difference approximation to the

single compartment model discussed by Wilson (1975) and Moriarty (1975).
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Equation 1 can be rewritten as:

Cf(td) =c“+ CD (2)

where Cu is the amount of contamination taken up by a fish species at simulation
time step td and CD is the amount accumulated over previous time steps, after

deputation. The uptake of contamination is computed in the model as:

Cy = (FBolysp + FByCraps) (1-exp(-k;)) &

d

in a species’ diet, 6,and B,are the pelagic and demersal bioconcentration

where Fp and F,aret he fractions of pelagic and demersal food, respectively,

factors, and CNSFandCTARS are the napthalene fractions of the oil concentrations
in the water column and in the sediments, respectively.

All versions of the model were run for up to 50 days. The oil concentrations
provided by Rand Corporation were computed for 10 days in the accident scenario
and for 15 days in the blowout scenario. At time steps greater than those limits,
the oil concentrations in the water col umn for the gridded model versions (BIOS/GRID
and B10S/MIGR) were decayed at a constant rate:

B ) -k
WSF(td)n’m = WSF(t, l)n,me 4)

where a decay rate (k) of 0.3 was estimated from the Rand data.

Migrations are simulated in BIOS/MIGR by the advection of contamination through
the enlarged grid, keeping biomass constant. The amount of contamination leaving
gridpoint (n,m) in the x-direction is:

(G t
Re,n,m = % | ul)/L ®)

and in the y-direction is:
Ry nom = (GytIV[)/L (6)

where t is the migration time step, L is the grid spacing, U and V are the

993




Table 1.--Species groups in the BI0S model.

No. Species

1 Herring juveniles

2 Herring adul ts

3 Pol lock juveniles

4 Pol lock adults

5 Pacific cod juveniles

6 Halibut juveniles

7 Yellowfin sole juveniles

8 Other flatfish juveniles

9 Yel lowfin sole adults

Jo Other flatfish adults

1 Pacific cod adults

12 King and Bairdi crab juveniles
13 King and Bairdi crab adults
14 Mobile epifauna

15 Sessile epifauna

16 | nfauna
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PROG/B!10S/NOGRID

SRESEY FREE

$SET LIST LINEINFC ST2CX

FILE oSCKIND=FFRINTER)

FILE 7TCKIND=IISK»NEWFILE=.TFLE. )

CIFENSICN TAELEC1A),TAELELC30,122,TJC26)>TCHCLIEIL,COAVILCA)>
SKOMAXC &§),FOCCPP (16) > KKZ (1635, SAVEEC(EC,16)»PNSF(Z0)
RPTARSCS(I»SFDCMFC(15)

REAL KHKZ,K2 »KCMPXsNEWOIL

CATA CCMYAL/.C0%52C»1.C51C.T/

DATA J1+J25J3»1FFLET/12€01E007

DATA TJ/a0162eD1C2.0125.0075-015»e0325.0125.0125.0CE5.CC€>
'oﬁO?'oC]Z’o ccE’ .Cl9r.0(f!-€€6/

DAI‘ FC[CFP /1.0(' .95’.95'0 ?2' 081!043'-23'.200clS’-ZS!.BO!
7.3C05.3Co(a0pC00CT/

CATA KKZ/7e158C4Cr 13208720 158C40rpa122027515804Cr-1€€8,.1E64r1EC4
292011C95.11095e132C279.2324224+.2228235.198C42».0246C,.06520/

E A AN AR R AR A I RAR B R AR S E AL A RS DAL SON AR AN RARENRCAANANESIRARR S ERSRARREARARN
THIS VERSICA IS USED FCR SENSITIVITY ANALYSIC

THIS FFLCRAM USES THE CIL UPTAKE AMC DEPURATICN EQCUATILM FRO¥
FECGIL. THE COMNC IS CECREASELD AFTEF LAY 1 EY: CONC=CONCeEXP(~(.3)

TJHIS FFCGRAK FCLLOWS THE CLRATION CF THE CORTAVIKATILNG l.E.
FCR 245 48+ CR 96 HCUFS.

IO OO0

N D D D EPED W WD S MD A5 AR ARGD M WD NS D WD R G MR GPWS R D WP WE W ML ND WS G WP D L AR D AT W WD P D A R GE WS WD AR WD P W A YR AP WD WD R A W b

KK2¢J) IS THE CEPURATICN RATE CONSTANT FCR SPECIES J

K2 IS YrE KK2 VALUE AFTER ACJUSTINC FCR ¢ CR - SCFE FfFthT FOR
SENSITIVITY ANMLYSIS.

BCFFEL IS ThE EIGCCNCEMIRATICN FACICR CF EACH FELACIC SFECIES J

"SHBCFP IS THE 3CFPEL VALLE PFIER ADJUSTING FOR ¢ OR - SCHE )
PERCENY FOFR SEMSITIVITY AMNPLYSIS.

BCFCEY 1S THEY EICCONCEMIRATICN FACTOR OF EACH CEMEFSAL SPECIES J

SECFD IS THE BCFCE¥ VALLE AFTER ADJUSTING FCR ¢ CR = SC¥E )
PERCENT FOR SEMSITIVITY AMRLYSIS.

FRCNAF 1S THE FHACYIGM CF RSF THAT TS NAPHTHALENES.
FRCNAL 1€ THE FRACTYICOM CF TART THAT IS MAPHTHALENES.

FCCCMP 1S THE FCCC COFFCSITICN AS FRACTICMN OF FELACIC FCCD 1IN
A PRECZ?TORCT CIET.

SFCCMF 1S ThE FCOC CCPFESITICN VALLEs, FCUCHP» RFTEF PCJULSTINC FOR -
+ CF =~ SCME ¥ FERCENY FCR SENSITIVITY ANALYSIS.

- AR WP M WD M DA W W W ENED WD WD A D YD AR YR GRS W W AP ) VD D ED D N D S UD G D W W A D WD B A T W Al W R D G W G GG D W W YR N

IPRINT=1 MEAMS CONC=CONCxRATEXZ FOF LL €7 17 IFRINT=C VEANS (ONC
IS COMITANT LP TC LL EGC LLVAL AND THEN EQ O THEREAFTERS IPRINT=Z

OO0 OOOONOEOOMOCOOOCOO0OCOOOE 0000




MEANS C(CNC IS CGNSTANT LP 70 Lt EQ LLVAL AND TFEN C THEREAFTERS
BLY THE EQUATICN USED IS NCT "THE FEDCIL ECUATION™ BYT TWE EPSIC
ECUATICA FRCV THE LITERATURE. IPRINT=3 MEANS COCNC=COMC2RATEXZ FOR
LL GY 15 THE ECLATICON USEL IS NOT THE “FECCIL EQUATICR™ BLT

THE ECUATICA FRCM THE LITEFATURE. (IF THE EQUATICN FFCM THE
LITERATLRE 13 LSED», SIFPLE DEPURATION STARTS AT LL G L1VAL.)

IECF=1 FEANS TFHE SENSITIVITY ANALYSIS IS CONE CN BCFFEL ANLC/CR
BCFLER. IPEL=1 FEANS SENSITIVITY AMALYSIS CKN ECFPEL IANT ICEN=1
MEANS SENSITIVITY ANALYSIS ON ECYDEN.

ISEN=C MEAKNS =XX AND ISEN=1 MEANS *X7Z.
SENANL IS THE 2 CHANGE FOR THE SENSITIVITY ANALYSIS.

IFCCHP=1 MEANS THE SEANSITIVITY ANALYSIS IS DCNE ON THE FCOD
COMPDSITION TAELE, FULCMP.

SARBEREARAE A CRAAT CGARR DA RS SRR DR A RAXN AR AR AR ARENAAAREACAIARAKID LS RGRENAERGES

SET COPETANTS

OO0 OO0 0OM0n

k=8
LLYAL=1(
LLMAX=3C
RAD=(. (1745225
ALP=30.2RAD
GKAP=17.*RAD
VALCA=CCSCALP*K~G6KAP)
R2=1.6
RATEXZ2=EXP(~R2)
FRCNAP=,50
FRCNAD=.10
BCFPEL=170-
BLCFDEN=173.
IPRINT=1
SEANPRT=.10
ISEN=1
IFOCMP=]
IPEL=0
ICENM=N
IBCF=0
c-- - A S W AN W W TP A W BN D W WS NP0 O A PS4 W AN SN N A PN YD AP AR D UR G R D WD TP D O D 0 D 6 B D D D G D DN W W D
£
c
CC 999 11SEN=1,1C
SENANL=SENARLS. 1T
SEN=SEMAL> 1CC.

IF(IFPLUT.NEL1YCQ TC 7777
WRITEC(7 609 )
KRITEC? 22301502,43
€75 FORMATC® CORTAMINATICN IN SPECIES FROM ART/TELCLIZ™
2", YETT RUN #6%)
c
c
7777 TO 95 J=1-16
K2=KK2€J)
RATEXP=EXP( -K2)
SBCFP=RCFPEL
SBCFU=ECFOEY 996



~
-

SFLOMP (L )=F COCMFL D)
IFCIFDCIP.EG.1) EO TG 7€C
IFCIECF.EQ. 13 GC 70 72¢C
GD TC 8¢9

72C IFCISENGEG. L) GC TO 74&¢C
IFCIPEL.EQ.C) GC TO 73¢C
SBCFP=BCFPEL+(BCFPEL*SENANL)

730 IFCICEMEQ.C) GC TO 86C
SBCFL=ECFDENM+(BCFDEF2SENANL)
60 TC &€C

740 IFCIPEL.EQ. L) GC TUO 7SC
SBCFP=E(FPEL-(3CFFEL*SENANL)

75¢ IFC(ICEM.EG.C) GC TO 864
SBCY¥C=ECFLEM-(BCFDEF«TENANL)
6D 10 &¢¢

760 IF(ISENLEQ.{) GC 7O 83C

SFLCOMPCJII=F CCOMFCJII«(FLOCMP (J I« SENAM)D

IFCSFDCPF(U2.CT1.0) SFOCMFCJI=1.0
€O TC E¢€C

E3C SFLCMPC(J)I=F COCMFCI)-(FCLCCMF{JI=SENAMNL)

IFCSFDCRMFOI YL T0L) SFLCMP(UI=C0D

86C IFCIPRIMIEC.Y) €O T0Q S7
PRINT 71sd» IPRINTSK2

71 FCRMATC1E1, "TABLE OF CCNTAFINATION FOR DIFFERENT LEVELS LF CCASTAN
8T EYTERMAL CCNCENTRATICNE FCR 3SPFECIES “»I3/»1X»"AFTER LAY 15, CCNV

SAL=C.Dp NEWCIL IS ALWAYS SET YC CILCON™/»1Xo"THE ®*FECCIL EQUATICN®
% IS ULSEL IN THFIS RUN. IFRINT ="»13,"s X2 = "»F7s6)

PRINT 6S»SBCFP»s SECFC>FFCAAF,FRCNAD

65 FORMATCI1X,"ECFPEL = "»FE.%,"» ECFCEP

2, FRONAL = "»F5.3)
IFCIFDCMFLEC.1) EC TL 1260
IF(IECF.£Q. () GC TO 98
IFCISENGEQa €Y GC T 81L
IFCIPEL.EQ.C) GC TO 607
PRINT €(Z,SEN

€0° FORMATUID,"SENSITIVITY ANALYSIS: BCFPEL

LLL SPECIES™)
607 IF{ICEMLEQ. L) GC TO 9°
PRINT €1%,3¢EN

615 FCORMATC1),™ SEMSITIVITY ANALYSIS: BCFLEM

2LL SPECIES™)
GO TG S€

61C IF(IPEL.ES.C) GC 7O 517
PRINT €2C»5EM

€ZC FORMATCI2," SEASITIVITY PAMALYSIS: BCFPEL

L SPECIES")
617 IFCILENMLEQ.C) GC TO 98
PRINT €2S»5€EN

625 FCRMATL1Y," SEASIVIVITY ZNALYSIS: BCFDENM

2LL SPECIES™)
GO TC s¢&

1200 IFC(ISEN.EQ.C) GC TU 121¢
PRINT 12€3» SEN

1]

it

ECFPEL

BCFCEY

ECFPEL

ECFEEY

-

+*

®sFB.3s"s FRCNZP = "H5FS.35"

"sF6.2+™% FCF A

"sFE.2s™X FCF A

"sF6.2s™X FCF A

TeFELZ»™X FCR A

1235 FORMATOID ™ SENSITIVITY JNALYSICS: FOLCNP =FODCFF ¢+ ",FE€.2-,"% F(F A

1Lt SPECIES™)
GO TC §¢
121C¢ PRINT 1215, SEN 997
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[w]
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37

FORMATCIX," SENSIVIVIVTY ANALYSIS: FOLCMP =FCLCMP = "SFE.2o"% F(ER A

grt SPECIES™)

GO0 YC S¢

CCNTENLE
PRINTY 7C»Jo RZeIFRINTH»KZ

76 FOAVATC1h1, "TASLE OF CCNTAMINATION FOR DIFFERENY LEVELS CF CCONSTAN

8T EXTERMAL CCNCEATRATICNS FCR SPECIES ™»I3/.1X»"AFTER CAY

1+ CCNY

LAL=CCNV/IL=E YP{~"5F3.1»")5 THE *FEDCIL EQUATION® IS USEL IN THIS RU

AN IPRIMT ="+13,"s X2 = "»FT.0)
FRINT €S- SbCFPr SECFL-FRCAAF-FRONAD

IFCIFDCHFLECLY) GO TC 14¢€H
IFCYIECF.EQ. 0) GC TU 99
IFCISEN.EQ. €Y GC TO €40
IFCIPELEQ.C) GT TD o47
PRINT 6LS5»5EM
IFCIZEMLEQ. () GC TU 97
PRINT €IZ-5EM

GO TC 92

IFCIPEL.EQ. () GC TO 647
PRINT €2L»5ER
IFCICEMP.EG.C) GC TC 979
PRINT €25»SEMN

Go T€ S¢

IFCISEN.EQe €3 GC TU 1411
PRINT 12z€S» SEN

G0 TG 9¢

PRINT 121%» SEN

COATINUE
TORCII=TIS(II+N . 35=TI(J IV ALCR)

NEWCIL=(.C
CILVAL=(.?

CC 80 ICIN=1,4
COMC=CCRVAL (ICIN)D

ICCNI=TCON+ 72 (I CON-1)
ICCN2=T(CN1+1
ICCN3I=1CCN2 «1

0 SL LL=1,1iWM4)
gILCON=C.?

VALUE=(.C
iF{LL.€1.32) €O 10 52
TAELEI{LL,ICCM I=Ca?
TAELEUL(LL,ICENI )=, 0
TABLELC(LL,ICCA3)=0.C
CONTINLE

IFCIPRIMTNE-1.ANC. IPRIRTLAELT) €O TO 55

IFCLL.GT41) CONC=CUNC*FAIEDZ

TFC(LLeEC1IC «CFali oL €e2C) CUMNC=CONVALCICCNI/2.0

CC TC 5S¢
IFCLLLLELLL VALY EC TO Se¢
CONC=0.C
WSF=TONC

TARS=CCM 998
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(]

[wl g

IFCICOMNGAEL ?) GC TO 15
PHSFILLI=%SF
PTYARSCLLI=TARS
1T IFC(LL.G6Y.22) GO 1O 57
TABLEL(1L,ICCNE 3=hSF
TABLEL(LL»ICCA2 I=TARS
37 CONTINLE

IFCSFDCIF(I )Tl ANDLSFDCMP(J)LT1.8) GC TO 20
IFCSFDCMFCII.EQ.1.0) GC 10 23
CO=TARS«FRC MAC
VALUE=C(*SBCFC22.90
IFCJ.EC.16) VALLE=CO*SECFD
IFCLL.EC.1) KCMAXCICCNI=VALLE
G0 TG 120
2C PEL=SFLCFPCJ)
DEK=1.0-FEL
CO1=»SF2FRCAAP
€CO2=TAF S+FRCMNAD
VALUE1=(CCL1 +SECFP)
VALUE2=(C02 «+SECFD)
VALUE=CFEL® VALUE1+DEM*VILUE?)
IFCLL.EG.1) KCMEXCICON)=VALUE
€O TC 130
3 CO=WSF2FRCN2P
VALUE=(CLaSECFP)
IFCLL.ECG.1) KCMAXCICONI=VALUE
13C CONTINUE
IFCIPRIPTEC.2. CF.IPRINT.EG.3) €0 TC 1130
CILCCN=VALUE*(1 .0-RATENXFI+NEWCIL=(RATEXP)
NEWCIL=CILCCN
€60 TC 1140
113¢ IFCLL.GT.LLVAL) GO TG 1135
RATEX3I=EXP( -KZ=LL)
OILCON=\ALUE*(1 .C-RATENXZ)
IFCLL.EC.LL VALY CILVAL=CILCEN
60 TC 114€C
1135 RATEX3=EXPC -K2# (LL-LLVZLY)
CILCCN=CILV AL*R ATEX3
114C CONTINUE
IFCLL.6T1.30) €0 12 S4
TASLEI CLL,ICCK3 }=CILCCA
sS4 CONTINLE
IFCICON.NE. 3) GC TO 50
SAVDEC(L1»,J 3=CILCON

5C COMNTINLE

NERCIL=C.D
SILVAL=C.0

PRINY €CoCONVAL (ICOND» hEFs TARS

6T FORNMAT(1),™"FCR CCNVAL = "»F5.7%»" THE FINAL KST COKC = *,F9.1," AND
8 THFE FIMAL TARS CONC = "»F §5.3)

PRINT €SsCOMALC(ICON)»NTMAXCICON)
65 FORVMAT(1),"FCR CONVAL = "»FS42s™ THE MAX CLCRC = "»F9.7)
8¢ CONTINUVE

999




PRINT 7
72 FORWATO 448X s TI FETs SOX»"CONSTANT™ /0 EXo ™ STEF™» 47 )" CCNCENTRATICNS™/

R}
PRINT 71,(CCAVALI{MI P M=154)
TE FORMATLISX, 61F84519X24)

PRINT 174
174 FOR¥ATCICS X 4("HEF "o SXe " TARE"S EX»"INT"»5%) /)

C

c
00 888 »=1, 10

PRINT 7ZoINC(TAFLEL(N,FIsM=1,171))
75 FORNMATCL35I2,2X»12F%.3)
888 CONTINLE
C

PRINT 77Ss{heh=1510)

775 FORMATC 445X »™FOCLE COMPLSITICN TABLE (FRACTYICON PELBGIC) FLR SPECIES
I 71X 161 Y, 1351%))
PRINT 727,CSFLCMPIN)sN=1s18)

777 FORVAT(1¥,16FSa23

99 COANTINUE

[N w] (g N y]

IFCIFPLUT.NELIXCC TC 999 _
IFCSENAPLWNELSEAPRT) 6L 10 599
E0 6C0 1L=1,L1M2aX
KRITEC(7 €098 JPUSFLLL ) e PTARS(LL o SAVDECCLL»J1)» SAVDECCLLSPJZ )y
RSAVDEC(LL,S 2D
€L FORMAT(ZF10.3)
60C¢ CONTINUE

[

S99 COMNTINLE

oo

$958 IFC(IFPLUT.NE.I) GC TC §999
CLCSEL7L,TISP=KEEP)

o0

$89% S5TCP
END

1000



PROG/BI0S/GRID

SFESET FREE

S$SSETY OWN CWNAFRAY S

FILE 1CKIAD=CISK»TITLE="CCSERAF/CILCON/LOC1I",FILETYFPE=T)

FILE Z2CHRIND=T1SKeTITLE="QOCSERP/CILTAN/LOCZ"»FILETIYPE=T)

FILE ICKIND=LISK»TITLE="OCSEAF/GILCON/LOC3I™»FILETYPE=T)

FILE SC(KIM=FRINIER)

FILE 7{XIND=TISKFILETYPE=7)

FILE OG(KIND=LISK NEXFILE=L.TFLlLE.)
COMRBRCN/ZELKL /NES» FESKH»LL » ISL
COMVON/ZELKBIC/LCC.ACTBICUE)
COMMNONINPBIC/BIGLC (3 1€)
CONMCN/JELXD TL /0 JLCON(1€,5 325 34)
COMMONZELKENER/NEWCIL(1E,32534)
COMMCNZCIL/ WSFC 22,343, TARS{ 325 %0)
DINERSIIN ITAFRL1C1ID4),11A882(5,43,T11(5-,2)-,TF12(%,2),17(32
DIMENSYCA ISL(32,34)»D02%524)»TECH)»ST(32534)558(32,38)>
215(32.,12)

CATA STATEMENT FOF SUBROLTINE FECCIL. IFEDOL=0C FCF NO FRINTING (F
CUYPLT; IFECOL=1 FCR PRIMYING QF SUMMARY TABLE CALYS IFECCLi=Z FCR
FRINTING CF CCNCEMTRATICAS AT EACF GRID POINT ONLYS IFELOL=2 FCF.

PRINTING €F BCTF.

OO0

CATA IFELOL 7C/

(x]

REAL NEWLIL
NE=TZ70E=34 7K=3 FLL

17LLMAX=Z05LCC=2

BC 25 J=1s1%
ACTRIDCJS)=BICLCLIC»J?

2% COMTINLE

3¢ IFC(LL.CT.10) €3 TC 35
REAC(LCC» /I ANHES
REACCLLC, /) (LANSFIN>MIoF=1p FEDI>N=1,NED
GO TC 4¢C

(g

35 00 38 N=1.NE

CO 3£ b=1,MF

PSFCAs P I=HSFINs FISEXPL~C.3)
. STCN,MI=hSF (hsM)
3€ CONTINLUE

GO TC 4

CHANGE CIL CCNCENTFAYICONS FROF PFE TGO FPM

OO OO0

4C CONTINLE

CO 312 A=1,NE

L0 22 k=1,NE

KSFCN> ¥ 1=USFANs F)/1CC0a
32 S7TCN»MI=FSF (N2M)

¢  CCMPLTE DIl CN TFE ECTTOM
1001




4¢

€

1221

b b
™~ A U
~ QO
i Ly

<

§995

COMTINLE

BiC=1.

FLC=Z CCATYIALCUS SCURCEs, BLC=1 INSTANTANEDUS SOURCE.

pL=2¢00.

TAT TIdE STEF IM ROURS

TA1=24 .

ID=2C.

T=1Li 21440,

KAL=C

KAL=0 = KO CIL MCVEMENT ON THE BGTYTCMe 1 OIL ACYECTEL €N BOTICHM
KU = CUFRENT INTEXs SEE CUFRCIL? KA - TUREULENCE INDEXCNCY CSETI5
LU = PRIAT SCAL ING INDEX

Ku=3

KA=1

tu=90

LI=0.

CALL DILEOTIS7s1L »TDsDL sL»r SP> 18,BLOs Vo VI KUpKAL»ToRAT2T)
IF{LL.6T.1) GC 10 55

DO 54 A=1,NE

B0 5S4 M=1sME

ISLCA-#1=0

IFC(C(Ns 2 3.65T7.0) ISLAN»P]I=L
CONTINLE

UI=6g.

VI=3.

IF(KALL2E10GC 10 31

CALL CLFCIL{SEs FLoUI» VIOl »1L »BL0F»KAL)
D0 33 A=1,NF

B0 32 p=zisME

TARSIN»?I=52{RAs })

CALL FETCIL{IFETOL]

J=1

D0 1000 1=1:4

IT{I)=0

CONTINUE

D0 1201 h=1,AE

00 1201 P=1s¥E
IFCCILCTR I o NoM 31 Tu5. 0G0 10 1201
IFCCILCCACI > A M YaGELSCYITCII=TITC1) 44
IFCCILCTRCI s oM I CEL 10 JITLZI=ET(2) ¢4
IFCCILCOACI s Ao M JaGE S0 JITC2D=TT(3) 2%
IFCCILCTACI s AP MY CTL10C ITT{41=1TC42¢4
CCNTINLE

WRITECY9ss3L L»d
WRITECS /3 IT(TI }51I=15%]

IFCJECL1I3)ED TC 778

J=13

€0 1C 1260

FORMAT{ 15X, 2465 1%>»518)
FORMATCISXp ZAEr 1XeS1824)

11 =Li+1

TFCLLLELLLMAYIEO TO 3€
CLOSECS,LISF=KEEP)

STep
ENC
BLOCK LCPrIA 1002



[« 2N w Xw Kzl

OO OO SO o MO0 Mo &

COFNON/ZINPBIO/BICLC(351€)

COMNCON/ZVALUES/F CCCMPCLIE»TI(1€),K2(16)

REAL K2

CATA BICLC/ 1409 0"l 1e915S1ar 1121 erbilierl23ta>
%3708.’2322. '326].’ 110(7-’5893.’9675., ‘2‘.’2?90’307"

2730033 wr28Cer £310r55Sar£1%er Z00karltTZerlETLur
R9224951%as9C8us 2004ar 1472 o5165Car» E6Glert€lertblar
REBh9222arlt 220y 165602552 51078cr 557C0ar» 4995 26075a>
2139Ca s 11655er1 617509 1515Ce» 1375049152507

CATA FCOCMP /10Cre9590552e 7272019 eab2e202.200 415025530
'.30’-1C’C.0 !0.’0’6-9/

CATA TU7a01€5eC1092e0129e007501%592012,40125.012»-00€5.C0€»

P 0C7seC02C9alCEp 0199 CLE».L0BY

BATA KZ4-1980405.132027215EC4C 0132027019004 05.16€hp1EELso165%>»
211055 «11099.132C279a3342349.2228239.19280625.03%605.0F520/

ENE

SUERCUTIANE FECCILCIFETCL)

COWMENJLILZ WEF( 22,343 T2R3(232230)

COEMCNZFLEBIC/ZLCC,ACTRICQ1ED

COMNONZELXD IL/0ILCONCIE522,74)

COMNCNZELXNER/NERCILL{1€,32534)

COFMMONZELKL 7MAEp PESK»LLeISL (22234)

COMMON FYALUES/F CCCMPUI€)»TJITL1EYLXK2(16)

COMNON/ZELKT 2E/MSC15,9),ARERCLE,5)>FFCCONL165902)

DIFEASTICN CRC1&31»CCRC14),TCF(16)»S1¢32534)

REAL MSoKZ, AEROIL

DATA CHR /1002751270525 0155al7225192521e01r1es0e11sCulpCa011,C401
t,.CC1/

CATA CCF/10 er7e=197 e555ell19al22251922590allriarlcells{airfalilsC.0
21es.001 ¢

CATA CR1002»500C15%0e21Cel251CerSol1rSerlallrierlelilerlalsrlalllesla
201,C.0C1,

DATA CCFr10Ces5Cal1550e710eC0151Ce5500195e9101510r0.11sC1,CaC(11,0
2.01,C.€CC1/

ART/FETCLI3 - THIS IS THE *8CF VERSICNY OF FECCIL IN BFICH LNLY
K2» AM] BCF ARE USEC IM CCFMPUTING LPTAXKE AND CEPURATICLN.

K2€¢J) 1S TFE DEPURATICN RATE CCNSTANY FOR SPECIES J
BCFPEL 15 THE EIOCONCEMIRATICN FACTOR OF EACH FELACIC SPECIES J
BCFCEM IS THE EICCONCEMIRATICN FACTIOR OF EACH TEMEFSAL SPECIES J
FRCMF 1S TFE FRACTICAN CF ¥SF THAT IS NAPHTHALENES.

FRCNAL 1S THE FRACTIOM CF TARS THAT IS NAPHTEHALENES.

......... LR R T R R D R LB L B2 L L NL ERL L ELEERETLLEE LRI ERI R T P R R ¥R T P Y L By 2r

SET CONTTIANTS

RAC=C.C17451325

ALP=30.+FAD

GKAP=1T7%.«RAD
VALCA=CUS(ALP+X~GKAF)

FRCNAP=.50

FRACNAD=.110

BCFPEL=17C.

ECFTEM=170. 1003




c

c € . D DD W D D AR D WD S D WD D DO SN D N M GRS WD WD <R W D WSS AR D S N W CD A NS GBS AR SR D A G TR D AN B G em R w3 4R B WD W e

C
c COMPLYE LPTAKE ANC DEPLFATICN CF OIL CONTAMINANTS. FCF CLIPLY»
c ALL CORNCENTRATICAS ARE IMN FFM AND ACTEBIC IS IN KG
c D DD Ve N R D S A D AR DR TS WD G U3 AR WP ND 43 AR W G W AR (P AP WD YD MR A WD W A W DA AR MR 4B AR O3 D D D IO U I R SN AR D CD 4 6 D 4P Wb &b <R 4D -
c
DO 95 J=1,1¢€
c
Lo 100 Y=1»6
ES{JI»T)=C.
AREA(J,13=0.
FRCCCNGI»Ir 1)=0 &
FRCCONCIsXp 22=0,
100 COMTINLE
c
RATEXP=EXP(~K2(J))
TOHCII=1JCI )¢ ()35« TU(JIeVALCR)
TOAS=CATTBICC(JI=*4.03/71(C0.
c
TAREA=C.
ITCNT=0.
TCOUNT=C.

CO 1C A=1,NE
Lo 10 »=1,ME
IFCISLA}»¥) JEQ.C) GO TC 19
VALUE=(.C
S1(K,MY=C.D
TAREA=TAFEA %4.D
TTCNS=TTICNS ¢ICNS
TCCUNT=T1COUNT+l 0
IFCFODOMPLIIeCT e ANCLFEDCFP(J)aLT21.0Y GO TO 20
IF(FCDCPMF (I ILEQLLL0) GE 1O 26
CO=TARS(APH I=FRUNAL
VALUE=CLeBCFOEM2Z.D
IF(JEC.16) VALLE=CCoB(FLEH
60 Y0 120
2C PEL=FOLCPPCJ)
CEM=1.0-FEL
CO1=NSF (A»MI2FRCNAP
CO2=TARS{N> N¥)2f FCRAC
VALUE1=€¢CC1 sBCF PEL)
VALUEZ2=(CC2 «BCFLEM)
VALUE=TFELs VALUEL1+DENM=YALUE?)
GO 1C 110
3C CC=KSF(P>MI=FRCMAP
VALLUE=C(LC=BCFPEL)D
13C COMTINLE
CILCCNCIsNe ¥)=VILUE* (1. C=RATENPI+NEYOILL JsNoK I+ (RATEXF)
NEWCILCISoN> PI=0JLCONCIsNoM )
SI(N,MI=CIL CONCJs N2 V)
IFCIFEDTL.NEL . ANC. IFELTL- NEL 2D GO 10 19
JFCSUCRoMIa LT.CCRE1ED) PSCJr9I=M5{JrP I4TENS
IFCSICN¥)aLTLCCRTULAD) AREZCI>S)=AREACI>T)+4. 0
TIFCSICAS M) LELCCRCII I ANL. S1(N- M) GE-CCRU1412D
EMSCIsBI=PEC Js8IFTONS
IFCSICA»F I LELCCRO1I3) AT S1C(A-MD GE CCR(142)
LAREA(I»EI=AREACJs B ¢4 . C
IFCSICN o I LELCCROLI1D AP STIC(M»MICECCRCEZ)D
AMSCJaT Y==K JsTISTONS



TIFCSICA»MILLECCRCI1) AN STICALMILGELCCR(12D)
LAREA(I S 7)=AREACI»/¢4.C
IFCSACN s MY LELCCROIIANCSI(N,MNI.GELCCR(10])D
AMSCILH)=¥EC Js6) #TONS
IFCSIC N2 M )a LECCCR(IILANLS1ICN»MILGELLTRILE))D
RAREACIS EI=AREAC 25440
IFCSICMa b ) LELCCR{T I ANLS1{NP NI GECCR{ED)
EMSCJI»5I=KECIpTI+TONS
IFCSI{N e P LECCR(7 Y AMCST(KS¥ILGELCERCE))
RAREA(I,ZI=AREACJ»SI*4.l
IFCCICA oM I LELCCRCT Y ANLES1IN» MY GELCCRCED)
ENSCIsa )=PSTU JS,4)4T0NS
IFCSICNs Mo LELCCRES5 L ANCLS IR NI GE.CCR(E)
RAREACI»ED=AREAC o &) ¢4 C
O IFCSI{R eI LELCCRO3D JANESI(N»MI.GELCLCRL4 D))
RMS(Jp3I=PSC Jo3)4TONS
IFCSICN o P da LECCCRESDCANTLSTICRSVMIGELCLRTA))
SAREACI» 3)=AFREACJ, 3D ¢4 0
IFCSICN oM Ja LECCR{L) ANE.SI (N, M) GELCCR(Z D)
AMSTIe2)=FSCJp2I)#TONS
IFCSICN o ) LECCRUIDANTLST1INs ¥ 2. GE-.CLRCZD)D
BAREACU»ZI=AREAC»2) 240
IFCSICN WM CTLCCRILDD FECI»1)=MECJp1)+TONS
IFCSIUN 92 )a CTLCCR(1)) AREACIL12=AREMJ>1)44.0
1 CCONTINLE

(9]

IFCIFECCLLNECY1. ANC-IFELCL.NEL2)Y GO 1IG 25§
CO 200 71=1»6§
FRCCONUJU»3s 13=MSCJ» IDZTTCN S
FRCCONC<»I»2)=AFEACJ»I)/TARER

23C CONTINLE

~
[

C—--- - D SR AN GP B W YR DR IS WD WP WD AE WS WD S AR GDER W A en W M SR D R WP SO UE SR WD WP WD AD AE Gl 4P A WD AP NS G A OF AR A A D WD AR NS T e

c FRINT GIL CCACEMNRATION FTEALLS
C - G an R R Al E WP R YD S D S ADND T ERAD A W W AR D NN Al A MR AN AR D VS WD D U N A WA A AR Y D DT A A A OO AN D D W U AR AW SR G AP A AR E e W
C
25C JFCIFECLL NE 2o XD IFELCLLAEL2Y GO 0 99
PRINT 1€C5, J»rllL
100 FORMATC ICONTANINATICN INDEYX (PPM)Y IN FELODIL FCF SPECIES #712,2X%5"

ETIKME STEIFP £#°12)
PRINY 1C€CEr (CS1 (Ko 2,M=1,14)p0=1-NE)

1C2€ FORMAT(ZX»14FG5.%)
PRINT 1CC8» ({1 (N>F)pM=15, FEI»N=1-NE)
1C0¢€ FORMATCI3F9.3)

99 CONTINVE

E-- WD WL P AE G AP G S G AT MD W M A S P AR LS WD UE YR YR WD ERGE Eb 4D WA N U AR RGP WP WS WR WE YD VD A NS W AR AP MR YR GR W W S WD WD AR Nt A A &Y W W
C-- EL R R R TR IR DI R LR DR R L DR EE R R LR L R 2 R L E L L B L B L L B & L B E L L L K L T E R L 1 ]
£
c

IFCIFECULNE1. AN IFELCLL NEL 3D GO T0 999

ICCUNT=1

CC ICO J=1»16

ITAB=LL

IFCICOLMT.GTLY) GC 7O 122D
PRINT 1121, ITAB,YCOUNT
1121 FCRMATCIF1» /76X »" TABLE"» I3 o™=~~~ AREA COVERED BY IATEFRMAL CCNC
RENTRATICANS FCR SELECTEL LEVELY COF CCNTAMINATICN"/+1SX»"ACCICEMT SC
LENARID? EACY CRIL POINT IS5 2 K¥ BY € KF7 GRID CCUNT = ",F6.0)




EC TC 11¢
132C PRINT 1119, ITAB,TCOUNT
1115 FORMATC /776 %9 = TABLE®»I2s%o ===~ AREA (OVERED BY INTERMAL COMCENT

IRAYICNS FOR SELECTED LEVEL S OF CONTEMINATICN™/-19X»"ACCILENT SCENR
SRIC7 EACF GRIT FCINY IS 2 KM EBY 2 KFM; GRID COURTY = "5FE.0)
11f IFCLCC.MEL1 3 €O T0O 324

PRINT 11&,LL
118 FORFMATCI9IX,"LLCATION: FCFY ¥CLLERs, VYIME STYEP: CAY"513)

GO TC 37¢€

324 IFQLCOC.MEL2) €0 Y0 326
PRINY 220-LL

22C FORVATUCI9X» "LCCATION: FCRT HEIDENs TIME STEPS C[RY®513)
GC TC 3zt

32€ PRINY Z22»L L

222 FORMATCISX» "LCCATION: (APE NEWENHAMN» TIME STEPS DAY"»,131

328 PRINY ¢z2

223 FORMATCI9X» "(CONTAMINATEDL BICHASS I SUMMED OVEF THE CRIT ANT GIVE
AN IN TCREI™)
GO TC (ZZho 2249 2249022402259 225022590224022402249225922%9224922%9225
2,225)J

224 PRINT 1Z4,J.,ACTEIOCJ)
124 FORVATUs7/6X» 5FECIES PCe"»13,™ = R MIGRATING SFECIES (EICMASEV,F9

L2, KG)KM2I™)
GO TE zZ¢¢E
2725 PRINTY Z221-,JACTEIOCY)
223 FORVAT( 726 X "SFECTIES M "2I3," = A NON-NIGRATING SPECIET (PEILMASS
LT FG.2»" KGJ/KMZI™)
Z2€ PRINT 143
123 FORMATL/8Ys “CLCNCENTRATICNS YK PPM (FG/KGIT»28Y¥,=TLTAL COATAFIMNATED
8 BIOMASE™)
PRINT 2225
2225 FOFMATCSEX, "EIOFASSCTONSE)"»18Xs"ARER(KNKZ]I")
PRINT 322
127 FORMATCSSY>™ BICMASE "X "FRACTION"-5Xs" ARESR Cob6d»"FRACTICNT)
PRINTY 1¢2¢CRC12»¥SCJr1)oFRCCCNTLJIr1o13,AREAC(Jr1)>»
LFRCCONTJIs1s 23
127 FORMATC/6Xs ZHAHCONT. IRDEY GREAIFR THAR 57 9.358¥sF16aZsEdofB83EXsF8
RelrEXsFEal)
PRINT 125sCRCZYSCRELIAMELIZI>FRCCOMN 3220 135ARER 523>
RFRCCON(Jr2s 22
17 FORMATCEY el CHCOMAT W INECEY»F 920X oTHTL sF9.25BXpF160.2+63sF€3s€¥sFEw
82 EXPFELD) ;
FPRINT 12%sCRC4Y»CRE3IpFC{Io3IFRECONMUISTL13-ARERTI»22,
LFRCCONL.s 3 2)
PRINT 125+,CRUEB)YsCRESI»PS(Is4)oF RCCOM(Jsthp1D+ARERLJ4]>
RFRCCONC S »4%» 2)
FRINT 125sCREEISCRIPIPPELISSI-FRCCON IS 12-A0E2{351s
RFRCCENCL»5» 2)
PRINT 1Z25sCRCUICI>CRC9DIoMSU UrE o FROCTUNTI»E,1)» 2REACIrE D,
LFRCCENC(L»Es 2)
PRIKT 1Z2S»CREI1ZI»CRCU1Y1I»ES(In7IoFRCLONCI 2721 RAFEALLsT )
RFRCCCNL.»7» 2)
PRINT 1cS»CRC143,CRUI3)»MSCIr8ioFRCCORCIS 85130 AFEALI»8)»
LFRCCON(J»8, 2)
PRINY 1Z€-CRE14 1o MS{JrS)oFRCCCHNLI»913AREACI»9 ],
LFRCCENCI»99 €D )
126 FCRMATCEX»™ CENTLINDEX LESS THAA o F 3B FIT 2o EXPFE IEXFEL2
256%»F3.1) .

ICCUAT=ICOUNT+1 1006



IFCICOLMTLEG) ICCUNT=]
300 CCATINUE

C

c

[eowemmemmcnncaen~ - o e - ———- s cemee--- ceee—- T T Y T T cmemcecane-
C EMC SUERCUTINE

C-—- D R R D VR M W D WD A WD ADMR &3 D GNP G G W AN WD P WD WD VR DD Gl Gh A G W P D WR D SE R WS G Gl W S AR A M R WS D R WD A R B W A AR A A W
c

c

$9% RETUBRN
ENC

SUERCUTINE CILBCTC(SoKrTLsDLsDrAC» TBsBLL» UIo VI KLU NALT¥2T2T]
COMMCON/ELXBIC/LCCL,ACTBICQIE)
CINERSICN 5€32, 24)s0( 32034 )0ALC32,3463,TB(A)PLEC2)5¥(2)
C=-CEPTE
AO-CIL CN THE BCTIGH
I8=-RCTTI(r TEFPEFATURE, FCUF VALLES CIVEN
PLE-THEFFOCLIKE TEPTH» TWD VALUES
h=hIMD SFEELC» TEREE VALLES
KT=-INDEY CF T8 VALUE CHCSEM FER THE RUN
KP=INDEY» OF PLD VALUE
K¥=-INDEY CF WINT VALLUE
ELC=1 IMSTANTANECUS SOURCE», =2 CONTINUOUS SCOURCE
UI-SURFZCE CLFRENT SPEET
KAL=1 CCPPUTATICN OF CIL MLCVENENTY OKN BOTIOM
1U=1 DEFTH CATA
LU=2 DECAY CF Q0IL ON TFE BCTTCHM
LU=3 DIL CN THE EOTTOM EEFCFE ACVECTION
1U=4 011 ON THE BLCTTOM»LAYER THICKNESS DECREASING, ADYECTIED
LU=S ACVECTELD OJL ON THE BECTTCH
LU=€ CLMTAMIMATICN INDEXs FELAGIC FCOD
LU=7 CCMTAMINATICN INCE)Y», CEMERSAL ¥0OD
NE=32
ME=34
¥0=149
MO IS THEE M LCC2TION CF ELCWOLY
SIMULATICN CF DEFTH»
KE-AREA NUMEER FCR TANBER ACCICENT» 4 10 6
1€ KB=L(0C+?
IF(KE=S13305+3103,360
30T C0 319 r=1s KL
CC 219 P=1,*L
SpS=¥
IF(K-171306+306+307
I0E CUN»sMI)=T7C=C L2555
60 16 119
307 IF(N-2€1308»308+311
ICE IF(U=-2C2309,3C9,210
3CS DANsMY= €2~ 102805
GO TC 31§
10 C(NsMI=€Zo=1.5+°C3
GC TC 319
11 IF(¥=-2C131253125317
¢ CUN2K)=T4ha=1,22TCS
GG TC 219
I CUNoM)=Cg o= 1,450
5 CONTINLE
ALPHA=0 .9
CALL SItITA(D,ALFHASRESYES 351)
€o 1C 1¢

(RN Ne NNy oo NeNoNeNel e Nei e ele)

e W e Ny




CXXANXXAAXXXNXI XXX
13C L0 359 B=1sNE
DO 359 #=1s ME
SpS=M
IF(N=221331,371,332
331 DCAs¥)=SC o= 102505
€0 TC 3¢9
33z IF(M=-251333,323,234
3133 DCNsM)=15 .- 1.625CS
GO TC 3%9
134 DENsMI=C.
356 CONTINLE
ALFPHA=0.S
CALL SITITACC»ALPHA-NEs¥E»S»1)
. .60 16 1<
CXXAXAAXXANAX I AXNX X
16C 0O 379 M=1,AE
00 379 ¥=1,¥E
SpS=¥
IF(N=-1Z1361,361,36C
161 DCNs,F¥)=1E.
GO 70 375
352 DCN»MI=L5,
175 CONTINLUE
ALPHA=0.S
CALL SILITACCsALPHASNESPE»Ssl)
CXNXRXANXAXXNDIXAX XX XX XX
10 LU=1
IF(K=131717+2D
IFC(K-1)549s 2C
S CALL PERYPFS(Ls»TH»UI» VIsLLlsKeHApKELGLO»LUs NESMED
CXXXXAAXXXNAAI XX XXXNIXAX
17 CC 18 N=1sNE
CC 18 F=1,NE
ACTN,M)I=C.
12 CONTINLE
C INFUT FIRAMETER S
2¢ T3C13=1a
T8(2)=4e
TB(3)=8.
TBC(4)=1%.
PLD(1)=2(.
PLOC2)=40.
W(1)=5.
NC2)=1C.
K(3)=15.
PP - RELATIVE CCAC. CF FLANKTCN
R - INCEX OF SUSPENDELC MATIER
BE - BCTTOM TYPE INDEX
PP=1.5
R=4C. '
BB=C.3
c SETTING CF INCICES FOR INLT FARAMETERS
KT=3
KP=1
KW=2
CXNXXAAANXNXNIANX X XXX XXX
c CECAY CF OIL CN THE BOTICH
IFCK=2)3C(»25%,25
2 0D 25 N=1,NE 1008

IO



LO 2% F=1,ME
IF(DINS}))129,29 4298

290 IF(AGUNIFIIZ9929020

2€ TFA=C(TBU(KT) =2Z.7)20.0CC1

DFA=8.1%/SQRTL{D(A-M)}
EFA==CTFASDFR)
ADCN>MI=ACU Ao RICEXPLEFR)
IFCTAT=12.) 25225027

28 AUCN,M3I=ACCA»FIEXPCEFA)
29 CONTINLE

CXXAAXXXAXEXXINUAX XAAX XX XX
Lu=2
Cc CALL PRIFMFSUAC, T5 UL » VI llo Ko KA» KALSELG»LU»NES MPED
CTAXAXNAXRNXAXXIXAXAAXIA INNXX
3¢ IF(BLD-1)31,5315»°%1
c INSTANTINEDLS SCURCE C(TANKEFR ACCICENT)
31 B0 45 A=1sNE
EC 4S F=1sME
IF(CIN»P)I4S, 45,751
291 IFL{PLDUCFFI=CL{hes FI20aLp» 33533
c NG PYCPLCL INE
1T SK=K
JC STIK=SK/€3.+0.2%CSK)
5€¢ BCF=0.0C15
CC¥=C.1°%
RR=({R*C.Z22D (NwM ) /SQRT{LIN, Y]]
FO=(BCF*h(KE)ILF /{DINs¥)2x a0 7332STK
ACQUNsMI=ACC A, F) +SIN,M)}2FSePPsFRsEB
IF(X=-1)15%,4%,131
131 IFCTAT=12.) 45545537
‘37 AD(KR,MI=ADUDP»FI4S{No M)2FSeFPPaFR2EB
GO TG 4&°
c THERMOCLINE PRE SENT
&C IF{K-1)1T,4%,13
38 SK=X
TOK=SK2 (3.4 0.5« £X)
BCF=C.((
CCF=C.2¢C
RR=(FR+C 22D (AsMYI)/SCRT(L(N-¥))
FOC={BLFaW(KhI+CCF/{GCNsF) e} . 7)3+TLK
ADCNSM)I=AD{ M, M4SN ¥)sFODaPPeRE«BE
IF{K=-13£65,5,132
122 IF(TAT=3Z.) 45,455 44
44 AQUNSM)I=ALLAsPFIES(NSN)eFID*PP2aRR+BE
4> CONTINLE
60 TC 7¢
c CONTINLCLS ICURCE €BLOMCLT)
51 DO 85 N=1,NE
CO ES MF=1sME
IF(CIN, 1) 5,065,292
29z DIS=(CF~PL)20.0CE=DL)
IFCDISITI,52,54
533 DI§=C.CC1

5& APLC=2.5
C NO CCMFUTATICN IN INMMELIATE AREA DOF BLEWOUT
c I.E. 2.%KM FRCM THE SOLFCE

IFCLIS-2FC)65,55-59
5§ IF(PLDCKFI~CCNs¥IIEC,5Z,55
C NO PYCNCCLINE
1009




57
58

89
71

&(

51
€z
B4

1
67
6%

STK=SK/7{2+C2%5K)

BWF=C.0C16

CDF=0.1T
RR=(R+0eceD (KM )II/SQRT(CIN- V]
CIFACS(TISH+ 4.)/ (20401201 8)
FS=C(ENFeR(KWISCLF /CLCCNoFIoaC 7} )aSTKs{DIFAC)
ADCNM)I=AQU Ns MY 4SINsK)2F SoPPaFR*BB
IF(K=1)€5+6 5069

IF(TAT=1Z.) ES»65,71
ACINSsMI=20LN»F) 2S(N»¥F)2FSxFFPeFReBB
60 TC 6%

COMPLUTATION WITF THERMCCLINE PRESENT
APD=2.5

IFCCIS~IFD) 6556151

SK=K

STK=SK/71(2.,+0.5*EK)

EWF=0.CC1

COF=(.2¢

DDP=L{N,P )= 2074
RR=CR+C.2+D(A»M)I)/SART(LIN,F¥))
DIFAC=CTIS+ &)/ (20 +0a1¢C1I2)
FS=(ERF2R K ¥)+CLF /DDP I« ST (D IF AC)
ACCNoMI=ACCU N, RSN, M)aFSeFPaRR*BB
IF(X-1)€S,65,€5

IFCTAT=12.) €55565557
AQCKsMI=ACC Ko V) ¢S{Ns M) eFSaPFPaRR=ED
CONTINUE

CAXXFXANXXXXAIXAX XXX

7¢

ALPHA=0.73
CALL SILITACAC, ALPHASNESMEHLLH»C)

CUXXFAXXAAXXXIIAXANRX FAUX XX

c

LU=3
CALL PRIMFSC(AGs To ULl o VIoTL s Ko KA» KALSELC,L U NE» NE)

CAXAXXAXAXXXXAI XX XXXX XX XX AUX

146

RETURKN

END '
SUERCUTINE CURDIL(S»KUsUllsr VIrLL»X»sELO»T» KALD

DIMERSICN S€32, 14)»PF(22,343,0( 225,34}

CHAXNAXXAAANKX XD XAAXAXAK

OO0 ™

INDICES
KG=GRIT SIZE 1-~2KM72-4KF¥
KT-TIME STEFP 1~Z(MIN> 2-4&0NIN.
KF=-FLUCTUATICN FARAMETER C(FAFIZPERITD 15 MIN,KF=1,F2F=0.4
30 KIAsKF=2»FA=0.2
KA-LAMIPAR FLOW COR INCFEASING LAYER I1~-LANMINAR? Z2-INCFEPIING LAYER
KU=-UNICIREC TIONAL CURRERY 1-UNIDIRECTICNAL-U~-CIRECTION
2=UNICIRECTICNAL V-TIRECTICN, S=UNICIRECYICNAL AT 4% TEG. #NGEL
KR=UKICJREC TIONAL OR RCTATING», I-UNIDIRECTIONAL, 2-FCT2VING
KS=SPEEL COUNTEF FOR &4 CIFERENT SPEEDS
CURRENTY SPEED IAN, M/SEC

XXXAPXXAAXXIXNY XXX AXX

THIS SUERCUVINE HAS BEEN USED FCR CCMPUTATICN CF
CISTRIELTION CF SMELL FROM EAITS

AXAXXXAP XXX XXNXNAAXRNAXIIAXXNANXAAXNIXAXXXANXAX N X X XX
KG=1

KT=1

KF=1

KA=1

KR=1

CHNANXXAXXIX NI XXX XX 1010



NE=32
NEK=NE-1}
ME=34
MEK=NE=-]
IF(KG=11151,2
CL=20600.
€0 TC 1
DL=4%#C0C.
IF{KT=1)454 55
1D=2C.
C IAC=3
c IPR=36
IAC=S
IPR=13s21
GO0 1C 6
D=z4¢C.
IAC=2
IPR=138
£ IF(KF-117»7»8
7 FAF=C. 4
GC TC€ 9
£ FAF=C.2
5 CON=L.C1745153
TALPHA=C.EB2
ALP=FAF2CON
TCAP=454,2COMN
30=100.
CHXXXPAXANXXAXXXIRNXX
C ACVECTICMN CCMPUTEL FOR 24 ECURS
T151C=24.260 »
TI=¢.
c TF=1C08C.+TL
CEXNIXAXRNXALNIRNA X
KS=1
KKK=4
TURC=0.C2
XXX UX
c CURRENT SPCEC INPUT
IF(KF=1312, 12»1€¢
12 IFEKL=Z2113 1451°

13 LA=C.l211]
VA=0L12\]

g TE 1%

14 UA=0.135+L1
VA=0.15¢V]

GC 10 1¢
12 LA=C.15sL1
VA=D,152V]
cCg TC 1%

16 LA=Q.1%el]
VA=0.15¢V41
ADC=C.CC¢E
ARDT=ACC[+C0H
AKADI=9C.*C LN
APARP=18C.x(CN

l

ol B

on

CL=%6(0C.
TF=14%4C{.
CXXXXXAXAAAXAINNXX
€ KAL=1, C(IL MUVEPENY CN THE EOTICM

IFC(KAL)I1E»18,519




CXXXXXXXXXNEXXI XXX XX

18 T=7+1D

T1=1
51% ITC=C

ITCP=0
TI=TI+7T1L

1C ITC=ITC+1.
ITGP=ITIfN1

20 IF(KA~1141s 41547

41 IF(KU=Z2142s 43544

42 U=UTI+UAsCOSC(ALP=T])
V=VI2CCSCALF»TI¢TCAP)
GO TC 4%

43 V=VI#VAsCOS (ALP+T])
U=UTeCOE(ALP+TI4TCAP)
GO TC 4§

44 L=UI+UAsCCS(ALP=T])
V=VI+VAsCCS (ALP+TI+TCAF)
GO TC 4§

47 U=UTsCCSC(ARCT=T I+ AKALTI]
V=VI«COSCARCT2T I+ APARP]

45 CONTINLE
IF(KAL=1)253,27 227

252 IF(BL0-1125¢C,25(»252
c 100 UNITS OF CIL ADCED EACF TIME STEP (S0=100.)
252 5€12,1C1=5C 1251 )¢50
GC TC 27

CAAXXXAAXRAAXRIFIXX XX XX XX
25C IF{K-1)251s 251527
251 S(12,1(1)=80C.

CYXXEANXNXXXADIXAX XX XXX
27 SUS=0.
Sua=C.
3( DO SC N=2,NEh
CO0 SC k=ZoMEH
SUA=SUASIN,M)
IFC(U332531, 31
213 SH=CSCN»MI)=SCN» ¥=1) /0L
60 TC 37
32 SH=CSCAsF)=SCN» F41)2/0L
12 IF(V)I3ks36s 76
14 SV=CSChNoR)=SCA=1,K))/DL
GC TC 3%
36 SV=CSCAaMI~S(N+1,¥))/0L
3 SCAsMI=CCho FI=CTOSABSCLI2SE I~ (TL*ABST{Y3I=SY)
SUS=SUSeSIN,N)
5( CONTINUFE
IFCSUSIEC,3C,95
95 IFCITC=1AC) 80»55. 86
CYXXFXXXXENXXI XXX AXN
5¢ IF(XAL-1355C,»5515551
551 ALFHA=0.78
CAXAXAXXXXNXNX D XXX ¥ XXX
550 CALL SILITACS,ALPHAeNE#PEsD»1)
1TC=C
U1=SUA/ZSLS
L0 60 AN=1,NE
DO €0 K=1,ME
SIN»MI=SAN» V)2l 1012



60 CONTINLE

€ EFFECTS CF INCREASING LAYEFR THICKNESS»APPROXIMATE
C FACTYOR =-CTR REFERRES 7L NILCMETERS FROM SOURCE
C 08BS. N #AND ¥ ARE LOCAYICN C¥ CSOURCE
CAXAXAAXXXIX AP AX
C THE FOLLCHWING SECTION >CT UTeC =N OIL PRGBLEMS
CAXAXXXAXAXXY KDY XXX

CTR=C.01%

IF{(KA=1781581»56 1
51 DO 131 »=1,XE
DO 131 =1, ¥E
PF{NsMI=S{N»N)
1371 CONTINLE
IFC(XR=11€2, 629565
6e IF(KU=Z)E3r 65+s67
61 DO B4 AN=1sNE
L0 64 M=1,MFE
DIS=(M~16)» C.C1 DL
IF(DBISI®1s51,%2
51 RRC=1.
GC 70 517
52 RRL={1.-(CTR&*CIS))
52 PFUN,MI=FFC( As¥)aRRC
64 CONTINUE
G0 70 81
65 CO €6 AK=1,NE
LC 86 k=1,ME
BIS=(N=2{ ) C.01 «CL
IF(DIS)C4+S54»50
54 RRC=1.
G0 1C S7?
9€ RRL=(1.-(CTR=LIS))
57 PFCNsMI=FF{ A»¥)*RRC
6€ CONTINLE
GO TC 81
87 CC 68 A=1,NE
£0 €8 F=1sNE
IF(M=-1Cl58r 585565
S8 RR({=1.
€0 TC &z
5% IF(N=1CYSf,58,512
83 CIS=SQFRTC(M~1ClanZ +{N-1C) 222 320.01s0L
RRC={1~-C(CTR#CIS))
8¢ PFUNSMI=FFL(AN,PI2RRC
58 COMNTINLUE
GO TG &1
8% CO 84 A=1mNE
DO 94 P=1,ME
IF(M-1CJEEr 86587
g€ RRC=1.
GO T1C 8¢
97 CIS=(M=1{)x (.C1 DL
RRC=(1e=(0. S2CTF=2DIS 1)
38 PFrARK+MI=FFU{NsNM)2RRC
IF(N~-2C1E9 £9,91
3% RRC=1.
GC 7C 9¢
91 DIS=IN=2Clx (C,C1sCL
RRC=C1.-(0.S2{TF2LIS)H)
94 FPELCNMI=FF{ Ks¥)sRRC 1013




B84 CONTINLE
31 ITC=(.
8¢ IFUITOP~-IPRISSOSES,» S99
EXXAXXXXFRAA XXX
S9C YI=TI+1T
IFCTSTC-T1)1CCs,1CHh1 C
SSC T=T+¢1D
IFCTF-131005105 13
WAXXXA Y XAX XAXX
8 IF(KA-113122,122,121
121 LU=4
CALL PRIPFS(PF,» ToUT»VI»TLo KoKAsKALS»ELE»i UpNES MED
£0 132 »Hd=1eME
LU 132 *=1» ML
SUN>M¥I=FF{N-F¥K)
132 CONTINLE
60 TC 123
122 LU=%
CALL PRIFFS(SsTolUIrVIeELoXKsKA-KAL>BLO»1LU» KE-NME)
123 ITQP=0
10 RETURN
ENE
SUERCUTINE SILITA C(S»ALFPHANESNE»D»1)
CINMENSICN 5€37, 243,00 322354)
NEH=NE=-1
MEH=VE~1
BET={1.~2LPFAM 4.
CO 123 P=2s MEH
£0 123 ¥k=2» MEH
IF{I-13101, 102, 137
101 IFLCN,P)I2124,1245103
102 IFCS(N-¥))12421264,103
102 IFC1-N)1(5, 1C7,185
18S VALP=S(M=1sPF)
GC TC 1<&8
107 VALP=S(R,M)
10F IF(NE-NJ110,112.110
110 VALC=S(PMelp M)
GO0 TC 113
112 VALO=S5(},N)
117 IF(1-M)3155116s 115
11T VALE=S(P,M-1)
GO TC 117
11€ VALE=S5(}sMN)
117 IF(NE=-NMI1195-,121,119
115 VARI=S(r,Ms+ 1)
GO TC 1<2
121 VARI=S{}r,M}
122 SCAsMI=FLPHAsSCALMY+EET=(VALPAVYAM D VALESVARI)
GO0 TC 1213
124 SCA»M)=T,
123 CONTINLE
RETURN
ENE
SUERQUTIME PRIMFS(S»T»lIsVIslls Ko KA KALSELC>LLoNELNMED
CINENSICA SC32, 34)531SC32,34)
IFCLU=-13202,4C1,420
IFCLL-13270,4C1,420
20 PRINT 2C15K»T>UleNI»DLsKAs KAL
291 FORMATC1H1» SX»1 8HO0IL COUNCENTRATIONS»Z2Xs2HK=2ISr 2Xe 2 1=sF€Cpr 3¥s3HU



c

2?7C
271

203
S84

2I=sFBuho N JHVI 2o Fh oo 3Np3HOL=0pF 60,3 X» 3HKA=» 123U SBNAL=512)
PRINT 271-K»CL

FORMATC(Ih1, SXp1 EHCIL COUNCENTRATIONS»2Xs2HK=01IS9»2As3HLL=+F6.0)
PRINT 2(C13

FRINT S(4

FORMAT( sS%s 12HCCNC. IN FPB/Z)

FORMATCSX»1 SHPRIKT FACICR = C.1,4X»7HPPB/10.7)

CXXXRXXAAXXXXIBAX NXXX I XXX

491
LR

42¢(
421
422

42<
42¢
43¢
431
43z

272

GC T4 212

PRINT 4&(Z

FORMATCIh1sr SXLL EHCEPTHE IN MPETERSS)

G0 TG 320

IFCLU=204821 247259430

PRINT 422K

FORMATCIHL» SYXp3&4HCECAY CF LTL ON THE BOTTOK, FERIGE»1IZ)
60 10 212

PRINT 4z€,K

FORMAY(Ih1»SXs4 IHKEW OJL ON BCTYOM FEFCRE AUVYECTION>PERILD,IS)
€0 TC 21z

IF(KAL-13202,%31043 2

PRINT 422.K

FORMATCIEY, SX»3EHACVECTEL CIL ON THE BCTTOMe, PEFICE»1S2
PRINT 2725U01.V1

FORVATL S 303 H U 1= oF S22 3X03HVT=eFS.2)

G0 Y0 212

CRAAXXXAXAXXAI XA XXX IXXAX

21C
21l

21c=
2 1€

IF{K2a~-13210,210,215

PRINT 211

FORMATC(Z)»1 ZHLAFINARSFLCH/ ]

GC TC 212

PRINT 21€

FORPAT(Z),2 EHLAYER THICKNESS INCREASING/)

CYXNIXANTARXXI XXX XXX FAXX

c

21z
r bs
e2(
Z25(C

~y
3
A

~y
[+
(s ]

23C

20¢
53¢

IFCKAL=1323(,22C.220
IF(KAL=1153C,22Cs 220
IF(BLO~13250,25C»252

0O 225 =15 AE

LO 225 ¥=1, PE
ISCNsM)=SCNo#)x 1000
CONTINLVE

PRINT Z€C
FORMATCSX,16HFRINT FACTCR
GO TO z2¢

L0 253 =1, AE

0O 253 k=1, ¥E
IS{NMI=S(N»NIx1CD.
CONTINLE

PRINT 2€1
FORMATCEX»1 EHFR INT FACICR
G0 TC z4¢

CC 321 M=1, M

CC 321 »=1, ME
ISCNSMI=SCN M)

COATINUE

G0 TQ z¢(C

DO 205 P=1,ME

CC 205 #=1, ME
ISCN»MI=SCN»¥)s 1COC.
CONTINLE

CO S31 M=1s AE 1015

it

17)

JaledXs THPPB/10.7)




531
25¢C
6 &0
21€

2017

80 531 P=1sPE

ISCN»MI=S{N»MI* 100,

CONTINLE

IFCPE-4{3€1CrE4C0sE4C

PRINT 2C€e{ Mo RK=1540)

FORMATC 74X, 4C13)

PRINT CC2sC Mo (ISINs¥I)ob=14C)sN=1,5C)
FURMATC /15 121 %,4013)
XAXAXXXAI XXX XXAX XX

GO TC 3(<C
XAXAXXLXIXXX XAXAYX XX

FRINT ZLEs{LNsN=41550)
FORMATC k1> 778X 5101 3)

FRINT Z2CSsCAs(ES(Ns¥Io¥=41,5C1sk=1»%0)
FORMATC 1%, 12,1¥%,1013)

XX XX XX

GO TC 34

PRINT €11,{N»N=1»34)

FORMATC s4Xs 2413

PRINT GI1Z5{Ns I S{Ne FIol=1p38),0=1+32)

Z FORMATC/1Xr 1251),3413)

RETURN
EANT

1016



PROG/B | OS/M | GR

ERESEY FREE

SSET OhN CHNAFRAY S

FILE I(KIND=[1SK»TITLE="CCSEAF/CILCON/LOCI™FILETYPE=T)
FILE 2C(KIMD=TISK ,VITLE="CCSEAF/CILCON/LOCC =FILETVYPE=T)
FILE (KIND=CISK TITLE="CCSEAP/CILCOKR/LOC3®>FILETYPE=T7)
FILE 6&C(KIAND=FFINYER)

FILE BC(KIND=LISK»NEWFILE=.,YFlE. )

FILE SU(KIND=[ISK NEWFILE=.THRLE. )

C
geeoeeccecececoeccececcccecececcecceecceccoeccecceccececeececeoceLicceee

c

c THIS VERSICN HAS MIGRATICAS (OVER A €4X%X68 GRID]

c BLT OMLY T¥L SPECIESS

c SPECYIES 1 (JULVENILE FERFINGI AND

c SFECIES 13 CACULY CFAES)

c

0 O O 00 oo oF o o o off O of 0 o 0 o 0 4 o A o ok o O N o O U o O A0 o O o ot o o O O o o o o8 o ol AR o o f

COMMCN/ELKI /RES ME»KoLLl

COVMECNIJELKBICALCC ACTRBILC2)

COMMCN/IAPB IC/BIILCTZ)

COMMON/ELKD JL/0ILCON(Zs 22p 343
COMMUONJELKNER/NEWCIL(2, 220 34)
COFMONZTIL/ KSF{ 32,343, 18F5022524)

CIMENSICN ISL (325263500225 234)TELAISTL32,32),584325343>»
RIS(3Z, 34)

SET PIGRATICN FARMMETERS .
RP=,955 KE=27 ARG=453 VEL=10,

CATA STATERENT FOF SUBRCGUTINE FEDCIL. IFEDCL=" FCF NO PRIRTING CF
CUTPLYs IFEDDL=1 FCR PRIMTINC CF SUMMARY TABLE CALY> IFEDCL=2 ¥(E
FRINTING {F CCNCEMNTRATICME AT EACKF GRID PCINY ONLYS IFETCL=3 FGF
FRINTING Cf 3CTH.

[ A o N o N o I ] (o B ]

CATA IFELOL/G/ *

il

REA NEYCIL
NE=325FE=34;K=35LL=17LLFAX=SC7LTC=2

(%]

L8 25 J=1»2
ACTRBIOCJI=BICLC (J)
25 CONTINLE

36 IF(Li.6T1.10) €O 7O 35
REACLLECP /I AHFS
READCLLC, /3 (C(RSF{NoeKI»0=1o¥ED2sN=1+NE)
60 TL 4¢C

35 DO 3€ N=1,NE
DO 38 P=1,ME
KSF{Ns P 1=USFA(A> FI2EXP(~(.5)
STUNSMI=0hTF (NpH)
38 COMTINLE
€0 TC &7

c 1017




OO

NN e

X e Rxl

CHANGE CIL CONCENTFRATIONS FROP PFB 10 FPM

4C

32

CONTINLE

CO 32 AN=1sNE

Lo 32 F=1sMt

HSFCNs FI=H3F{ N }F} /71000,
STINLMI=KSF (NoM 2

CCMPUTE O0I1 ON THE ECTTCH

Y7

778

599

CONTINLE

BLC=1. :

BLL=2 CCANTIALCUS SOURCEs» BLC=1 INSTANTANECUT SCURCE.

LL=2C00 .

JAT TIME STEP IN HOURS

TAT=24%.

TD=2C.

T=LL2144C,

KAL=C

KAL=0 = NC CIL PCYEMENT CN THE BOTTYCMs, 1 CIL ACVYECTEL CN ECTTLNM
KU = CUFFENTY INCEXs SFE CUFCIL? KA = TURBULENCE INCEXUNCY USELS>
LU = PFIAY <CAL ING INDEX

Ky=13

KA=1

LuU=2

Li=C.

Vi=ha

CALL OILECTC(S7»LL»TLsCLo0sr SP» 185BLO-UI»VI-KUsKAL,ToKALTAT)
IF(LL.C1.1) GC 10 5°5

CO S& N=1sNE

LO 54& bF=1sME

ISLUNs¥ 10

IFCDN»#)GT.0) ISLCNs?¥)=1
CONTINLVE

UT=60a

vi=2, ®
JF(XKAL.MELY12GC TC 31
CALL CUFLIL (S8 KL »UTIr¥IslL oL »8L0-ToKALD
0 33 N=1»NE

Lo 33 r=1sME
TARS(N»?)=S8(NKs ¥)

CALL FETICILCIFELCL)D

CALL MICR(RF,KE »ANG» VEL)
LL=LL+1
IFCLL.LELLL¥AXXCC TO 3¢
CLGSECB,LISF=KLEP)
CLCSEC(9,LISF=KLERP)

STCP
ENC

BLOCK C/TA

COMMCN/INPB IC/B8ICLCA2)
COFMMEN/VALUES/FCLCHP(2)» TJ(2)5K2(2)
REAL K2

DATA BILLC/ 13Ce»14i2./

CATA FCICMP /1.0Cs .10/

CATA TJ/s.01€,.0C€7 1018



CATA K2/.198040,.22282237
ENC
SUERCUTINE PIGR(RP»KEs»AMNGs VEL .

EUXFXXRYFEXXA P XXX XXX NN TN N XARANARX XX NRAXXANXAAAXNR NN

FICRATION SUBRCUTINE

s OF 315 DEGREET

»ZZ°S
(C=TCWARCS EAST> 9L=TLCWARDS NORTH)

C
c
c
c
c
g SET UP FOR PIGRATICNS CF 4%5,113S
C
c USES TINICE NCRMAL €FIC SIZE  RP=MIGRATICN FFACTICA
c
CXX XXX XXX RIANK XXX XAXAXR N IR AN UX AR I NAXXXXXXN XX RIX
BINENSICN ISPCEZ)»S1€E4s€8)0ScCERs6E)oSICE4,68)sDATCZ29640,68),1TC4)
COPMINJLILZ ¥SFU 223400 TARS(22,534)
COMMCN/ELKO ILZ0 ILCONC2, 325 34)
COMMCNZELKNER/NEWCILCZ» 120 34)
COMMCNJELKY /NEs NESKsLL
COMPON/VALUES/F CLCMPLZ)»TIC2)»N2¢2)
CATA ISFC/1,137
REAL NEWCIL
RAL=C.C 1745 23
A=ANG :
IF(KE-E€.1) A=ANC#197.
NNE=E43PHE=68
IFCAEGL45)€EC TC 1
IFCALEC.1353GC T¢ 7
IFCALEGL225)GC T1C 3
Mi=1
Ni=1
GO TC &
1 Mi=1
N1=32
GO TC &
2 M1=135
N1=12
60 TC 4
3 M1=35
N1=1
6 MM=(PL-1)e34
AN=C(N1=1)432
MO=C;NC=C
IF(M1.CT.1) PC=3 4
IFCN1.E1.1) KO=32
A=A+RAL
U=COSCAJaVEL
V=SINCA*VEL

(e N 3]

CC 999 J=1,2
RATEXP=FXPC=K2C J))
CO €01 P=N1,NA
AX=N=NC
DO 801 P=Ni .y
FX=F=M{ s

891 DATCJsNs¥I=RENOTILCI» KXo ¥)X)
CC 5 N=1,NNE
CO 5 M=1,MNME

S S1CNsM)=CAT CJSsNsk) 1019




OO0

OO0

Ny

64

63
120C

1C 08

1201

70

778

775

$%9
EEBE

DO €5 N=1sNAE

CC 65 P=1-MNL

IFCSICAS NI CTL0L.2G0 TO €4
S1{(N,M)I=C.

S2CNM)=C.

SI(NsMI=C,

GO TC &°
S2(NeMI=SA{ hp¥) aRP
SICNoMI=S1{ K» VI =S2CNs M)
CONTINLE

CALL RAMRAK (Jrl»eVsS2)

§2 = SPECIES (PCRTICN ®HICE MIGRATED)
ISL-SEA-LANL TAELEL

ADTING PCNMIGRATING POUFTION
SUENEW=(.

CC 63 A=1,NAE

L0 €3 F=1-,MIE
SICNsMI=S3C Re¥D ¢S2CNsN]
CONTINLE

CC 160C 1=1-4%

I1T(1)=¢C

CONTINLE

CC 1201 A=1,MNE

DO 1201 p=1,NNME
IFCSICMoPF e LT.5.0360 TC 12C1
IFCSICRolN o CES.CIITCLI=IT (1324
IFCSICALFI CELLCIIT(22=1T(2) ¢4
IFCSACA M Ye CELSCLIITCII=IT{ ) 04
IFCSICN R I CTo1800TTCE)=TTCLY4S
CONTINLE

WRITECS» /0L L ISFC(I)
WRITECS»/)CITCI 3o I=1s4])

IFCLL NFoSe PNCoLL eNEo1CANLLLoNEL2C.ANDLLL.NEL 06T TC 70
WRITECE80/7)LL»ISPCUY)D
WRITECBs2)CC(SICRs M) o M=15MHE Do A=1»NKE)D
O 778 1=1sME

AX=N+NL

CC 77® »=1sPE

MX=peML

NEWCILCJshe ¥I=S1INX,FX)
S1CXXaM33=D,

CO 779 P=1s KALE

L0 779 P=1s FNE

DATCJs Nok)=S1(No¥ I RATEDXF

CONTINLUE

RETURN

ENC

SUERCUTINE FARNNZR(JerLlsV>3R)
CIMENSICN SECEL»E3) o ANER(B4»6E)50LD(64558)
CONMCN/CIL/ WSFC2234),TARS(22534)
COMNCON/ZELKL 7NEs PESKSLL

ISL= SEJ-LAM TAELL

€8 - (SFECIES)

KRT - MUFBER (F MIGRATICNS PEF CAY
AL=2.D

NNE=E43 PPE=EE

1020
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UsV VELGCITY CCMPOMENTS
KE IS IMNDICAIOR CF SEASON
KE=1 IF MICEFATICN IS YC SHALLCV¥EF HA’EF- KE=2 FOR FIGRATICM 10 CEEP
20 TD=.12%
NEH=NNE~-1
NEH=MHE~]

MIGRATE 3 YIMES PEF CAY (1C=.125 TAYS)
SE IS MIGRZTING COMTAMIMNATION

LO 2S% FRC=1,7
CALCULATE PIGRATION AT EACYH GRIC PCINT

D0 133 #=1s NAE
CG 133 =1 MPE
CLECNs M1=53 (koM )

CETERFINE CRID PCIANY VO GC 10

IFCU)23(,2310232
€30 IM=-1
GO TC 213
€31 IM=¢
60 TC ¢33
23z I¥=1
€33 IF(VI22L,235,73¢
234 IN=1
GO TC 2127
€31T IN=C
IFCIP.EC.O)GC TC 133
GO 10 227
Z3€ IN=-1}

GY»GY ARE 2FTS LEAVING IN X»Y CIRECTION

LD IS CRICINAL COMRTAMINATION LEFY AT CRIDPOINT hs¥
ANSh IS FIYTLL CF MIGFATEL CCNTAMINATION

237 IF(P.EC.1 . ANC. IM.GT.C2E0 1€ 2C0°
IFCM.ECL.PVME ANC. IM.LT.02CT TC 200C
GONY=CSE(Ne FI=SEB{N.s M=1} 1)

GO TC 2(CC1

2CCC GONX=CSE(N, P+IMI=S:(hsP])

ZCC1 IF(N.EGC.ANE ANC. IN.LT.CIEC Y0 2002
IF(N.ECel o ANC. IN.GT.CICO TC 2€02
GONY=CSE(Ns FI=SELN=IN,? 1)

GC TG 2C€03

2CC2 GOKY=CSEIN® INsMI=SI (Nr,¥1])

2CC2 GX=GCNX2AES(U)= 10 /AL
IF(Cl.1L V.00 JGx=C.
GY=GCNY®ABS (V2= TC /AL
IF(GY11.0.26Y=(.
IFCCLDCM oMY LT 1060 TL 591
IF(P.ECPME ANL. IM.GT.OXCC TC 991
IF(MN . FGel <« AADe IKLT.CIC0 TG 991
ANEWIN» P4 IMI=ANEB(Ns MeTP D&Y

$91 IFCCLDC?,¥) .LT.1.0G0 TC 133




IF(NESLY - ANC. IN.LT.C3GO YC 992
IF(NEQARME LANT. IN.GT.LXGC TC 992
ANERIN® IRsMI=ANER(N+IN>FIeEY

992z CLDC(A» ¥ )=0LTLNs NI=G¥~-GY
IFCCLDCR oM L ToCIQL D RPNY=Ca

132 CCNTINLE

591 CC 751 Rk=1s PAL
CC 751 P=1s ¥PE
SAL{NSMI=CLD (AsM I ANENCAL M)
OLOCNs N 1=0a .
ANEKI{N,#2=0 .

751 COMTINLE

254 COKTINLE
RETURN
ENC
SUBRCUTINE FETOJLCIFEDCL)
COMMONZCILZ RSFCI230),TARS( 32,3 4)
COMMGNZELKBIC/LCC,ACTRICR2)D
CCRMCONZELKO JLZJ JLCON{25 325 34}
COPMONZELKNERINEWCIL(2» 125 34)
COMMON/ZELKY /NEpo PESK-LL
COPMEN/VALUES/ZF CDCMPC(2)»TI(2) o K2(?)
CIPENSICN TCR{21sS1(320343
REAL MS,K2, AERJIL

¢
€ ART/FECCLEI3 = THIS IS TRE *HCF VERSION® OF FECUIU I8 RBICH CALY
c K2» AARL BCF ARE USEL IM CCFWPUTING UPTAKE AKD CEPURZTICK.
c
c K2¢J) 1S TFHE DEPLRATICN RATE CCNSTANY FLR SPECIET J
C
c SCFPEL 1T ThEt EIOCONCEMIRATICN FACYOR OF EACH PELAEIC SPECIES J§
c
c BCFDEN 1S THE EICCONCEANTRATICN FACTOR OF EACH [EMESSAL SPECIES J
~
c FRCNAF 1T THE FRACTICM OF ¥SF THAT IT NAPHTHALENES.
c
o FRCAAL IS THE FRACTIOM CF TARS THAY IS MAPHYHALENES.
£
c WD BN PSRN M ® S el WA DY W WA W W A o WP U D W S G AR D S MPGE AP CBAR MWD Y G D AR ARG D OE W AN W D O W G D W Gp <D D W
c
c SET COASTAN TS
€
RAD=C-01745329
ALP=1N.2RAD
GXAP=17%.*RAD
VALCA=CLSCALP*K~CKAP)
FRCKNAP=,.20
FRCNAD=.10
BCFPEL=170.
BCFCEM=17C.
<
c TR A WA NS W DS U EA WA A M W DD WS D S A Al A AR YD W AR W A DS W D WD ARl N s AN AW W A W W
c
C COMPLTE LPTRKE AND DEPLFATICN OF 0OI1 CONTAMINANTS. FCF CULIPLT,
C ALL COMNCENTFATIONS ARE IN PPM AND ACTBIO IS IN KG
c TS O Ba D D OE S WA R T T AP BN S O DG DB DDA AU WS e e DDAk B @
c
£80 99 Jd=1s2
(

CC 100 J1=1,9 1022



OO ¢CIMO oo @HaOo O

130 CONTINLE

2¢

RATEXP=EXP(=KZC(J))
IOHCJI=T1JCII+¢00 . 35«TJCJIeVALLCA)
TONS=CACTBIC(J)*4.0)/1CCC.

TAREA=C.

JTCNS=0C.

JCOUNT=C.

CO 1€ A=1,NF

CC 10 P=1,ME

VALUE=C.O

SICN,M)=C.0

TAREA=TVIREA ¥4.0
TTCNS=TICNS+TONS
TCCUAT=TCCUNT#1 .C
IFCFCDCIFCI )T o0oe ANDSLFEDCPP(J)LT1.0) GC TC 20
IFCFCDOCPPCI ) ER1.0) GC 1O 35
CCo=TARSCAsMI=FRCAAD
VALUE=CCsBCFLEM®2.0

6o TC 13¢C

PEL=FOLCPPCJ)

CEM=1.0-FEL
COI=hSFC(AsMI=FRCNAP
CCZ=TARS(N» ¥ )oF FCNACL
VALUE1={(CCl «BCFFEL)
VALUE2=1(C02 =sECF CEM)
VALUE=(FEL* VALUE1¢CEN=VALUEZ)
GC TE 1€

CO=WSFCP,F) 2FRCMAP
VALLE=C(C=BCFFEL)

COMTINLE

CILCONC sNs PI)=VILUESC1 O0=RATEXPI+NE¥OIL{JoNoMIn(RATEXF)
NERCILCJI»Ne p)=0JLCONCIphoM)

S1{N,MI=CIL CCACJsNs M)

coemewnen ecowecwww® -J------- B RDRS DB PBEE DB EDBDE B DD BB "

EAL SLERCUTINE

a@meme - - - === == === === == == === === _——9 -------------------- - s w e -

CONTINLE

CONTINLUE

RETURN

ENEC

SUERCUTIAE CILBCTCSoKsTCsDLoDsAL, TEB»BLCs UIsVI»KUsKALLToKA»TATY
COMNCNJELXKBIG/LCC,ACTRIC(Z)D

CIFENSITRN S5C32074)eDC 225343 0ACC32,38),T8CAI,PLLE(23p0 (2]
C-CEPTH

AC-CIL (M TFE 3CTITONM

IB-BECTTICr TEMPEFRATURE, FCUF VALLES CIVEN
FLC-THEFPOCLINE CEPTHs 18D YALUES

M=%IND SPEEC, THREL VALLES

KT-INDEY OF TEB VALUE CECSEM FCR THE RUN

KP-INDEY OF PLD VALUE

KN-INDEY CF WINT VALUE

BELC=1 IPSTANIANECUS SCURCE, =2 CONYINUOULUS SCURCE
UI-SURFFCE CURRENT SPEEL

KAL=1 CCrPUTATICN OF OIL MUVEFENT GM ECTTICH

iU=1 DEFIH CAlA

LtU=2 DECAY CF GQIL ON THE BCTTCHM

LtU=2 DIl ON THE BOTTO# EEFLCFE ALVECTION




LU=4 01 CN THE BOTVTCMA,LAYER TFICKNESS DECREASIKG, ATVYVECTED
LU=5 ATYECTEL CIL ON T}E BGYTCHM
LU=6 CCPTIAMIMATICN INDEX» FELZGIC FUOC
LU=7 CCPTAMIAATICN INDEY» TEMERSAL ¥OOD
NE=32
ME=34
¥0=1¢
MO IS THE M LCCATIDN CF ELGWOUTY
SIFULATILN CF DEPTH»
KB=AREA MNUMEER FCF YANKER BCCICENTs & TC 6
1€ K3=10L+?
IF(KE-S1305,330,360
205 DO 319 #=1s M
£0 319 pr=1sPE
SDS=#p
" IFCN=171306+306»307
398 CANs#I=TC~C.3528DS
- GO TC 315
307 IF(N-2€13085,308-311
20 IF(VF=2C€1309,3C9,531%
209 CIN»MI=€Ca—1.0+SCS
G0 TC 3135$
210 D(NeEd)=€Ce=1.5%5CS
GC 1C 119
311 IF(M-2C1312,312-,313
312 CCNeM)I=Ch o~ 1,22 305
60 TC 13%
312 DCAsMI=Z4 .~ 1.428S0C
31 CONTINLUE
ALPHA=0.S
CALL SILITACCAALFPHASNESPE» Spl]
G0 TC 1¢
CYXARIXXAXAXAXE Y XAX X
33C TS 339 P}=1s KL
CO0 359 r=1sPL
S50S=¥
IFCN=-223331,331,33¢
131 CLA»MI=CC~1.0xSLS
GO TC 31=5%
332 IF(M-251333,333,334
327 DN MI= LS = 1A= SCS
60 TC 3%<¢
334 DCNsM)=C(C.
35S CONTINUE
ALPHA=C.S
CALL SILITACC,>ALPHAS NEsPEs S0l
GO TG 1€
CXXXDAAXXXXXNIXXXX
36C CC 379 M=1sNE
00 279 k=1.PE
SDE=N
IFC(N=12)361 5361 0367
151 D(NsNI=TE,
GO TC 319
36Z DCA»MI)=45,
379 CONTINLUE
ALPHA=C .S
CALL SILITACC,ALPHA»NE-PFE»Ss1)
CXXNFXXAAAAXRIIAX XX AX XX
1C LU=1 1024

OO

[z Xz Xyl



IF(X~-1317,17,20
IF(K=11%,9, 20
9 CALL PRIFPFS(CoToUIo VIelL oK e NA»KAL,BLO»LUsKEeME)
CXXRXAXAAXXXAIANANNNXIXNY
17 D0 18 hA=1,NE
EC 18 M=1,ME
AQ(NKsM)=C.,
18 CONTINLE
r INPUT F2RRAMETERS
20 13(13=1.
iB(2)=4,
TB(31)=8.
T8C4)=12.
FLDC(1)=2E.
PLR(Z2)=1{.
K(1)=5.
w{2Y)=1¢.,
K(3)=15,
PP = RELATIVE CCNC. CF FLANKTGCXM
R = INLDEX OF SUSPEINDEC MATIER
B8 - ACTIOM TYPE INLCEYX
PP=1.5
R=4{ .
EB=0.8
SETYING CF INTICES FOR IAPLTY FARAMETERS
KT=3
KP=1
KK=2
CXXXXXXAXXAXARINAXN FXXXIXX
L DECAY CF CIL CN THE BOTTCH
IF{K~231(»25525
25 DD 29 N=1.NE
DO 29 Pk=1.ML
IFCC{N+3))2G279 9255
29C IFCRACCAS4))Z25525,26
2€ TFA=(TE(RT) 222,73«0.00C1
CFA=Co1T7SARTIDANSM))
EFA=~CTFA+SDFA)
ACCA>MI=ACO K, P 2EXP (EFR)
IFLTAT=12.)2902%,77
27 AGUINsMI=ACU DM, FICCYPLEFRA)
23 CCATINLUE
CXAXPAXAXAXAXI XXX NXXX IXNXY,
Li=2
C CALL PRIPFS {20, 1o UL o VIslLlrNoKAr»KAL»ELOsLUsNE» FE)
CXXAXAXXAAXANIINX XX AX XX XXX
I IFC(ELC-1231,31,°1
C INSTANTIANEOLS SCURCE C(TAMKER ACCITENT)
11 L0 45 h=1»NE
L0 &S ¥d=1,MF
IFLCUINLP IS 45,29])
€91 IF(PLDCPFFI-CIN»#IN40,33,23
c NC PYCMOCL INE
31 SK=K
3T STEK=SKZ2(3 .+ {72 5K)
S€ BCF=C.C(15
CLF=C0.1°%
AR=CR+C.Z2¢DI{N>MI)/SORTLLIN»¥I ]
FS=(ECFah(K kL CF/LO(Ns¥In2(7)3x5TK
ACINSMI=ACCA,KI 25 (N M) aF e FPxRR*BR

(e e y)

(%]




IF{K=134%.4%,131
131 IFCTAT=12.) 45545937
37 ADCNSMI=ACT N, ¥)4S{N>M)sFSaFPPaRRAaBR
GO TC &°¢
c THERNMOCLINE PRESENT
4C IF(K=13£5,4%,28
3¢ SK=K
TOK=SK2 {3 ¢ DO SK)
BCF=C.C(1
CCF=C.2¢
RR=CF+ 0. Z*DCAsH II/SARTITLLN-¥12)
FOC=(BCFsRCKRI+CCF/CDCAMI 22D 7))« TLX
ADCNSM)=ACCA,NM) S (N, KI)2FLD+FP2RR«BEB
IF(KN=1)8545,132
132 IFCTAT~ 12D 459455 &4
64 ACCNKoMI=ACCN» NI 4S{N+NI=FLD»PP2RA= 5B
45 CCNVINLE
60 TG0 7¢
c CONTINLCELS SCGLRCE C(EBLLHILT)
51 0O 65 A=1sNE
CO 65 kK=1»sME
IFC(CIN,¥1)65+65.,29.
232 DIS=C(¥=)0)20.0C12DL)
IFCDIS)t3,51,%4
51 pIS=CaCC1

54 APL=Z.5
C NO CCMPUTAT ICN IMN IMMELIATE AREA OF BLCWOUY
C To.E. 25KV FRCM THE SCLFCE

IF(CIS~#FD) 65559559
56 IF{PLDCKF)~CCAs FIIEL,55,%5
€ NO PYCNCCLINE
55 SK=X
S7 STK=SK/{3.¢ 2% SK)
SE BHF=C.CC1E
CDF=0.1°¢
RR=CR+C.2¢DC{A»M I /SQRTC(CINs ¥
CIFAC=(LIS*+ &)/ (2C.¢0.12L1IS)
FS=CEWF:h(KHI4CTF/(D{NsPI22C.72)=STHa(DIFAC)
AOCNoM)I=ADCN-¥) 4S(N-M)sFSePP2RR2BB
IF(K=1)€5s65069
65 IF(TAT=12.)€5+,65,71
71 ACEN,MI=ACCK»M)+SIN»N)eFS2FP2RR281
GO TG &<
c CCMPUTATION WITH THERMLCLIMNE PRESENT
5 APL=2.°%
IFCCIS~?#FD) €5,61+51
51 SK=K
p2 STK=SK/(3e+0eSxSK)
64 BHF=C.CC1
CDF=C. 2C
COP=CCA b )InsC.T &
RR=(R+0 .2+D (A»M))/5QRT(LLN-,¥)]
CIFAC=(TIS+4.)/ (20.40.12L1%)
FS=C(EWFah(X¥I*CCF/DDPI=STK= (D IFAC)
ACCN,MI=ACCN->N) 4SCN, N)sFSePPaFReg D
IF(K=1)€5565,65
IFCTAT=12.) 655,565,457
ACIN,M)=A0CN,¥) 3SCN,F)aFSePPsRR+BE
5 CONTINUE
EXNXPAXANANXNI XN XX XX 1026

Y G en
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7{ ALPHA=C.78
CALL SILITACAC» ALPHASNESPFE T, ()
CEXXXXNXRXXAXXIXNAX XX XX XAXXUAXN
Lu=3
e CALL PRIMFSCAC, ToUI»VIosllo Ko KAs KALSEL ol UsNEs MED
CXXAXRXXX XXX XIXNXNX L XXNAXNX
1088 RETURN
ENC
SUBRCUTINE CLROJL(S»KUsUIr¥Ip[LoK»BLO»T» KAL)
DINEASICR 3C32»34)»PF(32+34),0022+38)
CRXNIARARNXNAAXRI NN XXXX
INCICES
KG=GRIL SJZE 1-2KMs2—LK¥
KT=TIME STEFP 1~-ZCMIN, Z-47PFIN.
KF~FLUCTURTICN FARAMETER (FAFISPERILD 15 MIN-¥F=1,FaF=0.4
30 FINSKF=2,FA=0.2
KA=LAMIMAR FLCW CR INCREASING LAYER 1-LANMINARS 2-IMCREZSINCE LAYER
KU=LUNICIREC YICR AL CURREMY 1-UNICIRECTICAAL,U-CIRECTICN
Z=UNICIRECTICNAL V-LIRECTICHN, T=-UNIDIRECTICONAL AT 85 [EG. ZNGEL
KR=UNIZIRECTICNAL OR RCTIATING, 1-UKIDIRECTICNAL, ?-FOTRTING
KS=-SPEET COURTEF FOR & CIFERENT SPEESS
CURRENT SPEELC IA» M/SEC
FAXIAANXXXXXNIXINA XXX
THIS SUERCUTINE HAS BEEN USED FCR CCHMPUTATICN CF
CISTRIEULTION OF SMELL FRCM EATTS
AXXXNUXAIIRX XXX NAAXX XN AR X NAANANA AN ARKAXRAN XX XX
KG=1
KT=1
KF=1
KA=1
KR=1
CYXYIAXXXAAA NI XXX XX
NE=32
NEH=NE=1
ME=34
MEkR=PE~-1
IF{KG-111,1,2
OL=2¢0C.
GO0 TC 3
JL=4(C0C.
IF(KI-134,54,5
1D=2¢0.
c IAC=3
o IPR=36
IAC=9
IPR=13s71
GO TC ©
TD=4C.
TAC=Z
IPR=13
IFC(KF=117»7 »8
FAF=C. &
¢C Y0 9
FAF=0.2
CON=C. 17485323
ALPHA=C.E2
ALP=FAF+CON
TJCAP=4LTS .sCON
S0=1C0.
CXXXONAXXXAI AN X 1027

OGO OCOoOOaOOaOens

[

otal MY

\h

-l 5

w3 o




c ADVELTICN CCMPUTED FCR 24 FCURS
15TC=24.260 .
TI=0.
c TF=1C08(.+TL
CHUXRXTXXAAANYXINAX XX
KS=1
KXK=4
TURC=0.C2
XX XXXX
CURREN] SPELEC INPUT
IF(KR=1112,1251¢
1¢ IFCKL=2113, 1451
13 UA=0a.1=l1]
VA=D.1aV]
G0 TC 1€
14 LA=0.,1%sL1
VA=0,.15eV]
GO0 10 1¢
15 LA=0.1%2L1
VA=0,152\]
GO TC 1¢
16 LUA=0.15sL1I
VA=Q0L,15e%]
ADO=C.CCE
ARCT=AL(2COA
AKACI=9C.=CCA
APARP=1EL .« CCN
CL=4C0C.
TF=144C(.
CXRXXRAXXAXAXAIRRX X
c KAL=1, (IL MCVEPFENY CN THE ECTICH
IFCKAL)1E518-519
CXXXNANXXRXNAXNX I XXX XX
12 T=7¢71D
TI=T1
515 ITC=C
ITCP=D
TI=TI+71L
1¢ ITC=1TC+1.
ITCP=IT(F11
20 IF(KR=1)41s &1s67
L1 IF(XLU~2142,5 43544
42 L=LI+UACOSCALP=TI)
V=VIeCOS{ALF=TI+TCAP)
GC TC &5
43 VY=NIeVAsCOS(ALP =T ])
U=UI«CCSCALF«TI +TCAP)
GO TO &S5
4 U=UY+UAsCCSCALP«TY)
V=VI#VA2COS CALP «TI+TCAF)
GO TO 4%
%7 U=UIsCCSCARCT=TI+AKACI)
V=¥I2CCSCARCT«T T+ AP ARP ]
49 CONTINLE
IF(KAL~-13253,27 527
253 IF(BLG-1225C»25(»252

[ X

C 10C UNITS OF CIL ADDED EACH TIME STEP (50=100.)
25¢ S5012-1C1=8C(12,102+350C
G0 TC 217

CXXXIXAXAXXAAXIRAX XXXX XX 1028



25C IF(K-13251,251s22
251 §U1251€1=60¢C.

CHAXPANAXXANNIINX AAAX X
27 sSut=0.
SUA=0C.
3C DO SC AN=Z2sNEH
DO SC #=2sMEH
SUA=SUA*S(N,¥)
IFCLI32031, 31
31 SH=CSCA,MI=STINs ¥=13)/0L
GO TC 312
32 SH=CSCA,K)=S(hs Fe1)) /0L
3 IF(VI34,36s 26
3§ SV=CSCRNsFI)=S{N=1,N)) /0L
GQ V¢ 3%
€ SY=CSCAsMI=S{Ne1,¥)) /0L .
35 SIN>PI=SINe ¥I-CTLeARSCL IS EI-(TLxABS{VILSY)
SUS=SJS+S(N- M)
50 CONTINLE
IFCSLSIEC,3CHr95
95 IFCITC-1ACIECSSE» B
CXXXIXNAAARXRIAXXAXX
55 IFCKARL~1)55€,551,551
551 ALFHA=C.78
CXXXXXXAXXXAAXI XXX XX XX
S5C CALL SILITA(SsALPHASNESV¥EsL»1)
ITC=0
Ul=SLAsSLS
CC €C N=1,NE
L0 6C K=1,ME
SCKN,>M)=S(N> ¥FIaljl
60 CONTINLE

c EFFECTS (F INCREASING LAYEF THICKNESS,>APFROXNIMATE
c FACTER =-CTR REFERRES 7L KILCNMETERS FRECN SOURCE
c CBS« N AAD VF ARE LOCATICA COF SOLRCE
CYRAIAXANAXAX I XX
C THE FOLLCNING SECTION ACT ULSEL IN OIL PROBLENMS
CYXXIXXAANRXRDI XXX

CTR=0.01%

IFCKXA=12¢81, 21551

81 L0 131 =1, L
CC 131 =1, ML
PFCN,MI=S(Ns¥)

131 CONTINLE
IF(KR=1]€2s 62565

6 TFERKU=2)€3, £5,57

51 C0 64 M=1oNE
CO 64 F=1sMT
CIS=(M=1C)> C,.C1+CL
IFCDIS)IZ1»51,52

31 RRC=1.
t0 7€ =2

5S¢ RRC=(1.-(CTR=CIZ])

S% PF{NsMI=FF(AN»VI2RRC

& CONTINLE
GO TC &1

5 LC 66 N=1»NE
LO %8 P=1sME
CIS={N=¢C )= (.01 200 1029




O,y

5S4
5€
57
56

af

58

5%
LE

8z
q¢

5%

121

132

122

[
[= WV ]
oy tud

IFCDI52%4,5%,56
RRC=1.

G0 T¢C 57
ARC=(1.~{CTR=DIS)]
PFONsMI=FF( Mo PFI aRRC
CONTINLE

&0 TC €1

CC €€ AN=1sNE

L0 68 F=1sME

IFC(M=-1C158, 582D

RRC=1.

g TC 8z

IFC(N-1C258,SEsB?
CIS=SORTC((M=1C) 22, ¢+(N=-10)222,)20,01«DL
RRC=(1 .~ (LTR=DISI)
PFCNsM)=FFL N ¥)2ERC

CONTINLE

GG 7C 81

LT B84 A=1oNE

DO 84 K=1sME
IF{¥-1ClEE»r EG»B 7

RRC=1.

GO TL &¢

CIS=(M=1{)x 001201
ARC={l o= (0. =LY F+DISY)

PF(NsMI=FFC Ap¥I)2RRT
IFCN=-20)E9» 89,91

RRC=1.

G0 TG 9¢

DIS=(N=2C)(C.01sDL
RAC=(1 «= (0. S«CTFR«LIS))

PFCNMI=FFC Mo V) aRAC

CONTINLE

ITC=0.
IFCITOP-1PRISID,85,590
AAARAANI XX XANX

JI=TI+1¢
IFCTETC-TI)1CC, 1651 C

T=T+1D

IFC(TF-T1100,1Cs 12
XXXXAXXIEAX XNNX
IF{KA-12122,1225121

Lu=4&

CALL PRIMFSU(PF, ToUL»VI>Cls HoK2, KALLELO»L L, NES KED
DC 132 ¥=1» ML

CO 132 PF=1. VL
SCKsEI=FFIN+¥)

CONTINLE

GO TG 173

1U=5

CALL PRINFSUCS»ToUTIo VIl Ko KA KALSBLC»LUSKNELNED
ITCP=D

RETURN

END

SUBRCUTINE SILITA (S»ALFHALNESNESD» 1)
CIMENSICAN SC32,34)s0(32»34)
NEH=KE~-]

MEH=N8E-1

BET=(1.~ALPHAY 4.

L0 123 3%=2+ KEH 1030



DO 123 ¥=2» MEH
IFCI-1)101, 102, 102
101 IFCC{NS?3I)1Z4sl1 24,103
10 IFUSINPPFIIL240p1c4s103
102 IFC1-NJ)1(05, 1075105
125 VAUP=S(}-1,¥)
GO TC 1C#
127 VAUP=S(Rh,M)
138 IF(NE~NI110s112,110
110 VALC=S{he¢ls ¥)
GO YO 113
112 VALC=S(?»»M)
113 IFC1-M)11%5, 116s 115
115 VALE=S(},¥E-1)
€0 1C 117
11€ VALE=S(},M)
117 IFCVE~P]119,121,119
115 VARI=S(},H+1)
G0 TC 1:zZ
121 VARI=S(}»M)
122 SCNsMI=FLPHA2SC Ao MISBET2(VALP4VALO+VALE®VART)
GO TL 1713
124 S{hp¥)=(.
123 COATINVE
RETURN
ENC
SUERCUTINE PRIMFS{(S»TolisVIrsllrKoKAsKALoBLE»LU»NE-ME]
DIMENSITN 53C32,24),15C(32-34)
IF(LU-12202 5401 +420
IFCLU-1Y27004C) 4420
20z PRINT 2C1sK»sToUTo VIl o¥és XPL
201 FCRYVATCIF 1, SX-18H0TIL CONCEANTRATICNS »2X o2 K=sI5» X2 T=eF€.053%5 KU
2 I=rpFle b o IHVI=sF S o 3N s3ELL=oTF 003 No IERA=» T3 23N hNA =172
270 PRINT 271-K»0L
71 FORMATCIh1» SX»1E8HOIL COMCENTRATIONSp2X»2HK=0I%2 U IFLL=5FE.T)
c PRINY (2
PRINT 5C4
272 FORMAT( S X, 12ZHCCNC. IN FFBJ)
SC4 FORMATLS )21 SHFRINT FACTILE = Bal1o4Xs THPPBL 107D
CXUXEXUNRAAXAI AN ANNK ¥ UNY
GO T€ z12
401 PRIKT 4(Cz¢
402 FLCRMATO1RY, SX21€EHCEPTHS IN VETEERSS)
GO0 7€ 2z(
20 IFALL=324215625430
421 PRINT 472K
427 FORMATCIR1» EX>T4HLECAY (F CIL €N THE BOTTOM, PEFRIQLS15)
€0 TC zlz
425 PRINT 4Z€sK
&2 FORMATUIE1»SX24 IENEW OIL ON BCTTOM EEFORE ACVECTION>PERICDs IS)
GO 10 21«¢
£3C IF(KAL-13202»,431,431
431 FRINT #3z.K
432 FORMATCIH1-,SX»34HACVECTEL CIL ON THE BCTTCH, FERICL.1S5)
PRIRY 272,U1»V1
cT¢ FORMATCC Y3 hUI=sF a2 3N23HVI=»FT.2)
GO TC z1:2
CYXXFXXARNAMAXIXIXAXXNAX AN XY
IFCKA=1321C,21D,215
£10 PRINT 211 1031

()




211 FORMATU(®)»1ZhLAPINARSFLLCR/)
GO TC 21¢
215 PRINY 21¢ ,
Z1f FORMATCT=Y»2 EHLAYER THICKNESS INCREASING/)
CNXXFXUXRXXXAP XXX XXAX FX XK
£ 212 IF{KAL=1)23C,22(»220
21z IFCKAL-13)53(,22(,22¢C
22C [FCBLD=1125C,25(»232
25C CO0 225 t=1s AL
LO 225 P=1sME
ISCNsMI=S{NsNMI* 1C00a
225 COMTINUE
PRINT Z¢€C
Z5C FORMATC(SX»Y EHFRINT FACTLR
G0 TL 24¢
€5z 00 253 p=1s NE
0 253 k=1» FE
ISCNeMI=SIN»¥)Ix 1€Q0.
257 CONTINUE
PRINT 2¢1
Z61 FOFRNATC("Y,1 8HPRINT FACTCR
60 70 21¢¢C
12C 00 321 r=1s AR
£0 321 ¥=1» ME
ISINsMI=SAN>¥)
321 CONTINLE
E0 TC 2#0
230 CC 205 d=1s AL
CO 2C5 =1, ML
ISCNsMI=S(N»MM* 1000 .
20 TOKTINUE
£3C CO0 3531 M=1s ME
00 531 =1, NE
ISCNsMI=SCN oMY=+ 10N,
531 CONTINUE
e4C IFC(ME-472)61Co€h(Csbal
46 PRINT 2C€,C A, N=154D)
Z0€ FORVMATL s4Xs 5013
FRINT 2CTsCAs(ISINs¥Ipb=1r 4CIsN=1,5()
207 FORMATC/41Xs 1251%»4013)
C AAAANAXXIXNN UXNX XXX
GC YO 3{0
AAAXXXLAIAXX XXXAX XXXE
PRINY 2CE{N2N=41,50)
2798 FORMATC1HL, 77%%X»1013)
PRINT ZTSs{N»CISCN»MIoP=41550)eN=15%0)
Z0S FORMATC/1X,12,1251013)
C XXXANX
G0 To 3¢
€1C PRINT €11,{hsN=1,34)
611 FORNATC4Xr 3413
PRINT E1Z,CNs (I SUNs¥)sbk=1s 3E)»N=1532)
€1z FORMATC /1%, 1251%53413)
300 RETURN
END

173

OelskXs THPPB/1C./)

(]
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SUBROUTINE/PLOTR

$RESET FREE
SUBROUTINE PLOTR{(DX,DY. X,Y.S81)
DIMENSION S1(4, 50, X(50),¥(14), s2(50)
DATA S1ZW, S8IzZH/. 12,. 1S/
C
CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
c
C SUBROUTI NE TODRAW LINE PLOTS
C
CDY IS UNITS PER X INCREMENT
C DY I1s UNITSPERYINCREMENT
€ Y IS ARRAY OF VALUES FOR Y INCREMENTS
c X IS ARRAYOF VALUES OF X INCREMENTS
C S2 IS ARRAY OF DATA TO BE PLOTTED
C SIZW,SIZH ARE SIZES (IN INCHES) OF CHARACTER WIDTHOR HEIGHT
c
CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
C
C THIS PLOT USES PLOTCOMPPLOTTING PACKAGE ROUTINES
c CAN B E ADAPTED TO CALCOMP
c ALLUNITS ARE INCHES
C
CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
CALL PLOT(A. 0. . 2)
CALL PLOT(O. . 0., 33}
CALL PLOT(C). ,4. .22
CALL PLOT(Q. ,0. ,3)
PO 10 I=1, 50
CALL PLOT(X{(I),.1.3)
CALL PLOT(X(I}, —. 1,2}
IF(MODC I, 10}. NE. 0G0 TO 10
FI=1
XX=X(1)-SIZH
CALL NUMBER (XX, —. 25, SIZH, FI1,0. ,-1)
10 CONTINUE
DOD201I=1, 14
CALL PLOT(-. 1,¥{(I3}, 3>
CALL PLOT(. 1,Y(1},2)
IF(MOD(I, 3). NE. Q3G0 TO 20
FI=I#100.
FaCT=3.
IF(FI. GE. 1000 YFACT=4.
XX=. 2+(FACT#5IZW)
YY=Y(I)—. 0&
CALL NUMBER(-XX.YY.,8IZH, FI, Q. .-1)
20 CONTINUE
DO 30 I=1.50 A
30 S2{(I)=(81(1, I1)/100. )%DY
CALL NEWPEN(2)
CALL PLOT(O. ,0. ,3}
DO 40 I=1, 50
40 CALL PLOT(X(I),S2(1).2)
PO S50 I=1, 50
50 S2(I1)=(81(2, 1)/7100. »=#DY
CALL NEWPEN(1)
CALL PLOT(O. ,0. ,3)
DO &0 I=1, 30 1033
CALL PLOT(X(IY,B52(1}),2)




60

71

NN

CALL SPCSYM(X(I),S2(1:,81ZH.88,0. .,-1)

CALL PLOTI(X(I),S52{L),.5)
CONTINUE

DO 70 KNT=1,2

KK=KNT+2

Do 71 I1=1, 50
S2(I)=(S51 (KK, I3 /100. y+DY
IDSH=KNT+1

CaLlL DASHPT(O.,Q..~-1)

Do 72 I=1, 50

CALL DASHPT(X(I),82(1:, IDEH}
CONTINUE

RETURN

END
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AREA COVERED [km?]
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Figure 1.--Example of plot drawn USi Ng SUB ROUT  INE/PLOTR.

In this example,

DX = (length of x-axis)/50 and DY = (1 ength of y-axis)/30.
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